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NEW EXPERIMENTS IN ARTERIOSCLEROSIS *

RUDOLF ALTSCHUL, SASKATOON, CANADA

University of Saskatchewan O

A. Skeletal muscle suffers greatly in experimental cholesterol arterioscle-
-rosis. There are two types of changes, not necessarily concomitant: (1)
hyalinization, calcification, and nuclear proliferation in muscle fibers and (2) sub-
endothelial lipoid cushions in arterioles. Guinea pigs are more gravely affected
than rabbits. Denervation prior to cholesterol feeding prevents  cholesterol
damage. This seams to be a parallel to the finclings of Pappenheimer; namely,

that denervation prevents muscle damage by avitaminosis 1L, o
B. The effect of stigmasterol on rabbils was studied to determine if it
_causes changes similar to cholesterol. This was tried on the grounds that stig-
mastero! is a phytosterol but resembles cholesterol in its formula.  Moreover
it does not change to any of the vitamins 1. ‘The results with feeding of stig-

masterol (0.3 Gm. daily for 73 to 116 days) were negative.
C. In addition to rabbits and guinea pigs, golden hamsters also are suscept-
. ible to cholesterol arteriosclerosis.  In contrast, rats arc refractory.  ‘This may
Lo be explained by the fuct that the latter are omnivores and readily dispose of the
cholesterol.  Recently, gophers were fod, for twa to seven months, a milk-
egg-yolk diet. None of these rodent herbivores showed cholesterol damage
except cholesterol gallstones. Sonie foci of calcification were present, caused,
_~ perhaps, by the increased intake of vitamin D,
RS I ,
‘ THE CLINICAL DIAGNOSIS OF ARTERIOSCLEROSIS WITH
‘ : PARTICULAR REFERENCE TO THE USE OF THE
- ROENTGEN RAY

'

N .
B FrepERIC D. ZEMAN AND MAX SCHENCE, New Yorg, N. Y.
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‘No abstract.
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EFFECTS OF FATTY ACIDS ON HUSKLESS BARLEY

S. K. BHATNAGAR, SupHIR Kumar, R. C. SuarMa and H. N. MEHROTRA

Department of Agricultural Botany, University of Udaipur, Udaipur
{Accepted: 7-ii-1969)

IN recent years many organic and inorganic compounds have been used as
mutagens. It has been shown that a number of essential and vegetable oils
also produce chromosomal aberrations as well as mutations (D’Amato and Avenzi,
1949; Swaminathan and Natarajan, 1956, 1959). As far as known to the

authors use of fatty acids as mutagens has not been reported so far.
Investigation presented here form a part of studies initiated in this depart-

ment to study the mutagenic effects of various fatty acids on crop plants.
MATERIALS AND METHODS
M, and M, gencrations of huskless barley seeds which had been soaked

in oleic acid and ricinoleic acid for 4 hours and 12 hours under dry and wet
(pre-soaked in water) conditions were stadied. The unsaturated fatty acids

" were obtained locally.

Seceds of M, and M, generations were sown in complete randomized design
with three replications. Observations were taken on plant survival, plant height
number of days taken to ear emergence, length of ear, number of nodes per
plant, number of tillers/plant, weight of 1,000 grains, yield per plant, pollen
fertility and mitotic chromosome aberrations.

ResurLts AND DiscussioN —

From the data presented in Tables 1 and 2 it will be observed that fatty acid
treatments markedly reduced the plant survival and plant height, but increased
the number .of days to ear cmergence both in M, and M, generations, The
reduction was more evident in wet treatments as compared to the dry treat-
ments. In both M, and M, generations, as the duration of oleic acid treatment
increased, there was progresive decrease in plant survival and plant height.
Swaminathan and Natarajan (1956,1959) also reported reduction in gcrmination
and pollen fertility in wheat which had been treated with different oils.

Variations in other morphological characters like length of ear, number of
nodes per plant, number of tillers per plant, weight of 1,000 grains and yield
per plant were not significant cither in M, and M, generations.
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Morphological and cytological observations in M, generations of fatty acid treated barley
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Morphological and cytological observations in M. generation of falty acid treated barley

Chromosomal aberrations
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In M, generation, there was no effect on pollen fertility, but M, plants
showed significant reduction in pollen fertility. This reduction in fertility could
be partially due to effect of environment and of mitotic disturbances. Chro-
mosomal aberrations, chiefly high number of bridges and fragments, were scored ;
percentage of aberrant cells increased in -M, plants as compared to M, genera-
tion. The variations in plant survival, plant height and days to car emergence
between M, and M, generations can be explained as an environmental effect.

A narrow spectrum and a low frequency of chlorophyll mutations were
recorded only in M, gencration.  Low frequencies (Table 2) of sirdis type
mutants were observed but albino types were not seen.  Similar results were also
reported by Ehrenberg, Gustafsson and Lundquist (1961). They concluded
that treatments with chemical mutagens produced relatively low frequency of
albino mutants as compared to virdfs and other types.

Induced viable mutations were not detected in M, and M, generations,
although car emergence was delayed in treatments and a few plants with late
maturity were isolated. '

Chromosomal abnormalities like fragmentation, stickiness and chromo-
some bridges were observed in root tips in all treatments. Percentage of aberrant
cells were noticed more in wet than in dry treatments of olcic acid; however,
there was little variation in case of ricinoleic acid treatment. Swaminathan
and Natarajan (1956, 1959) also observed chromosoms and chromatid breaks,
binucleate cells and abnormalities in root tips of Triticum treated with different
oils. They suggested that unsaturated fatty acids may form the mutagenic
fraction of vegetable oils. However, results presented here revealed that

unsaturated fatty acids, though they produce chromosomal aberrations, are not
efficient mutagens. .

Summary

Biological effects of fatty acid treatment on huskless barley were observed.
Chlorophyll mutants were detected in low frequency, whereas viable mutants
were absent. Significant variations were observed only in plant height and ear
emergence. Chromosomal aberrations were seen in all the treatments.
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Manufacture of Cellulose

Frank R. Charles and Julien A, Dixon, Hawkes- '
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. ) Application August 31, 1951, Serisl No. 619,954
- ‘ In the United Siates August 20, 1951

1

' This invention relates to new and useful im-
provements in the manufacture of cellulose, and
especially cellulose suitable for conversion inta
viscose rayon, cellophane, sausage casings, cellu-
lose derivtives such as nitrocellulose, cellulose
acetate and the like, and other cellulosic products.
Particularly, this invention relates to-the manu-
facture of cellulose from wood or woody materials
and has many advantages over previous wood
pulps when employed to make viscose rayon. The
process. discloged hereln is also applicable to the
processiag of cotton ‘which is to be used for similar
purposes. | .

In the manufacture of the highest quality wood
cellulose, wood is débarked and chipped, and the
wood is treated at elevated temperatures and
pressures  with - solutions of chemicals. Such
chemicals are  either  bisulphites,  usually
of calcium, magnesium or ammonium and con-
taining an excess of free SOp in solution, or are
alkaline splutions of sodium hydroxide, sodium
sulphide, sodium carbonate, or mixtures of thesg.
At the conclusion of this treatment the solftened
chips are disintegrated into wood pulp. Such wood
pulp contains small but significant proportions
of lignin, tannins and other coloring matter, and
organi¢ soivent-extractable materials such as fats,
fatty acids, resinous acids, sterols and hydro-
carbons. The organic solvent-extractable materials
are collectively termed “resin.” The wood pulp
produced as described above, which is mainly
cellulose, is purified and bleached by onc of several
known processes for reaching commercially ac-
ceptable levels of purity of the cellulose. As the
art of pulifying cellulose has improved, resulting
in nearly pure cellulose with a very small content
of non-cellulosic constituents, many advantages
have accyued, particularly in the properties of
the rayon or other derivatives manufactured from
such purified cellulose. Examples of such properties
are color and strength. At the same time certain
difficulties have arisen in the processing of such
cellulose. For example, the lowering of the resin
content of rayon-grade cellulose has given rise
to difficult filtration of the viscose made from it.

Simultaneously, conditions in the rayon-making
industry have changed, particularly in the direction

- of h}gher speeds in wvarious processing steps, re-
quiring cellulose which will process more rapidly.

We have discovered that these difficulties can be

10

20

8 Claims — No drawing

2

overcome and a superior pulp for processing can
be made by adding to the cellulose at a late stage
in its manufacture one or more ethenoxy N-mono-
cthanolamides of refined tall oil. Such products
have the generic formula:

H
s
R—-CO—N
*(CsHI0)aH

Where R is an alkyl and/or aryl radical derived
from refined tall oil and n is an integer between
4 and 50.

Black liguor soap, as formed in the manufacture
of wood pulp by the sulphate or Kraft process,
is removed from the pulp mill recovery system
and converted to crude tall oil. The crude tall
oil may be refined by steam distillation, solvent
extraction, or other methods to provide the inter-
mediate malerial from which the condensation
products used in accordance with the teachings
of this invention may be lormed. The condensa-
tion products to be used in accordance with this
invention are prepared by first reacting a refined
tall oil with monoethanolamine in substantially
equimolecular quantities at temperatures suffici-

* ently high to produce a monocethanolamide of the

30

35

40

15

50

refined tall oil, followed by condensation of the
amide with from 4 to 50 mols of ethylene oxide
per mo! of the amide to form an ethenoxy N-mono-
ethanolamide of refined tall oil. One such product
which has been found satisfactory in the practice
of the present invention may be formed from a
refined tall oil known as “Acintol D", as presently
manufactured by the Arizona Chemical Company
and consists approximately of 33% abietic acid,
5% unsaponifiable materials and the balance of
fatly acids, gcnerally unsaturated of 18 carbon
atoms. Other refined tall oils will be found equally
suitable for the purposes of this invention, although
the above mentioned material has proven to be
particularly satisfactory. ’

As far as we know condensation products made
from ethylene oxide and the amides of tall oil
acids are new, and this invention is believed to
represent the first use of such products for im-
proving the manufgcture of cellulose derivatives.

These chemicals show remarkable stability in
the viscose process being stable under both the
alkaline conditions of viscose preparation and the
acid conditions of the spinning bath.

Jul 04 195t
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Benefits will be conferred by 4 to 50 ethylene
oxide units in the ethenoxy portion of these sunide
condensation  products, but  best  results are
obluitied with 10 1o 30 ethylene oxide units.

We have found that small guantitics of these
products added 10 the cellulose confer very murked
benefits. Among advantages found in the manu-
fucture of viscose rayon is improved shredding
of the alkali-culfulose, less power being required
to shred the sheets to tlie same degree of com-
minution. The xanthation reaction is more uni-
form, with an apparent possibility of cconomy
in carbon disuiphide requirements, and there is
a substantinl reduetion in the unreacted Abre
content of the viseose and therefore much im-
proved filtration of the viscose. Spinning is im-
proved, spinnerct incrustation reduced and rayon
strength improved The fatigue of rayon tire cord
is traproved.

Cellulose manufactured according to this n-

vention also has special advantage in the manu-
faciure of dull yarn made with suspensions of
pigments and oils in the viscose since the sus-
pensions are much more fine grained and stable
and the spinning proceeds with many fewer inter-
ruptions due 10 plugging or constriction of spinneret
holes. .

These products can be udded easily to the
cellulose. One way s to apply them in dilute
agueous solution {o the cellulose at an eurly stage
in the drying of the pulp sheet, in such a way
that the added water is evaporated during the
further drying of the sheet. An aqueous solution
may be sprayed on the cellulose sheet or it may
be applied by means of rolls,. Narrow  stiripes
may be applied by means of dises as it has heen
found thuat suflicient dispersion occurs in the
shredding stago.

In accomplishing the wobjects of this invention
it is not nceessary to use more than 0:2% on the
weight of cellulose and usually 0-01% to 0-1%
is sufficient.

The following two examnples will illustrate pre-
ferred embodiments  of this invention, but the
invention must not be construed as limited to
these e¢examples.

Example 1

A 10% aqueous solution of a product obtained
by reacting a refined tall oil (“Acinto! D' acid
amide with 25 mols of ethylene oxide was sprayed
continuously across a sheet of cellulose passing
through a pulp drying machine at such a rate
that 0-1'. was added based on weight of bone
dry cellulose. The sheet was dried to the normal
moisture content tabout 7' ). The cellulose treated
in this manner c¢xhibited the following desired
tmprovements, namely. improved shredding of
the alkali-cellulose, more uniform xanthation re-
action, substantial reduction in the unreacted fibre
content of the viscose and therefore mproved
flitration of the viscose, inproved spinning, reduced
spinneret incrustation, 1mproved rayon strength
and lesser fatigue of rayon tire cord.

Exanple 11

A 50 solution of a productl obtained by reacting
a refined tall oil (“Acintol D™ acid amide with
20 mols of ethylene oxide was applied to high
quality refined sulphite pulp by means of 4"
face discs dipping into the liquid heated to 65°C.
The dried cellulose sheet was passed over the
dises causing them (o rotate and imprint the
compound on the cellulitse sheet. The spacing of
the dises was such that 0-1°¢ of the compound

2 52,008

sit]

40

30
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65

4

was added, based on the weight of cellulose.
The cellulose treated in this fashion exhibitey

the following improvements in processing jpy,

1650 denier 720 filament high sirength wviscog,

ravon tire yarn, spinning at 100 metres

minute:

Troated Untreyg

: Wood  Weg
” Pulp  Pyip
Shredding of alkall-cellulose
7, retalned on 1 mesh screen
alter 1} hours shredding .....on &3"0 Ia‘.;-,
» thie
fufly and hard i
Nuture of Alkuli-Cellulose Crumb ... reactive {fee]
Viscose Fiitration ]
Wetght I grams  filtered through a
1" diameter dise of Canton  flannel
hefore filler plagged e 126 100

Rayon Strength

Grams per denler, bone-dvy ... 4-00 384
- Blongation, bone-dry .. 168-1 16-9
Grams per denler, condition 35 §:35
; Blungation, conditioned 209 199
Grams per denler, wet 2:16 :-07
“p Fhogation, wet 4-4 264
Tire Cord (180 denfer 2 ply cord) *
Grams per denter, bone-dry ........ 3:33 323
¢, Llungition,  hwne-dry ... 110 10-8
Grams’ per denler, conditioned . 246 278
= Blongation, condltloned ... 3: n;

Fatigue, [LB.—minules

Thus it will be seen that marked improvements
are effected in alkali-cellulose shredding, viscose
Altration and tire cord fatigue, while noticeahle
improvements are seen in almost all of the re.

‘maining properties tested

The presence of these products also reduces the
degradation of bleached viscose rayon that oceurs
on prolonged heating. The following results were
obtained after bone-drying bleached rayon in ap
oven at 105° for 18 hours and then reconditioning
for 24 hours before testing:.

Treated Uptreated
ood &o?d.
Ip  Pulp

Grams per denler ... . 858 3-04
S BEIongatlon ... e enen . 2104 184

Many variations of this process will suggest
themselves to those skilled in the art, but such
variations are considered as falling within the
scope of this invention, provided the products
employed are within the class described.

The products may be added at any stage up
to and including the viscose itself, but with ‘dl-
minishing benefits. This will be obvious from our
disclosure since addition to the viscose, for
example, cannot give improved shredding or any
of the other benefits derived in the manufacturing
of the viscose However, addition even to the
viscosc. itsel? confers the substantial advantages of
improved dispersion and stability of pigments and
oils, better spinning with fewer breaks, less
spinneret incrustation, more first grade yarn, higher

029

rayon strength, and resistance of bleached rayon

to degradation by heating. :

The embodiments of the invention in which
an exclusive property or privilege is claimed are
defined as follows:

1. In the manufacture of cellulose derivatives

trom sheeted purified chemical pulp by the viscose
process, the step of fncorporating into sald process
at a stage subsequent to the formation of the pulp
shuets from 0-01% to 0-2% of ethenoxy N-mono-

cthanolamides of refined tall oil wherein the num- ~
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ber of ethylene oxide units is from 4 to 50 per
amide motecule,

2. A method for improving the processibility
of purified chemical pulp into cellulose devivatives
which comprises adding to raid purified chemical
pulp at least one of the ethenoxy N-monoethanol-
amides of refined tall ofl, wherein the number of
ethyleng oxide units is from 4 to 50 per amide
molecule, said amides being added in an amount
from 0:01 to 0:2% based on the bone-dvy
weight of said pulp.

3. A method for improving the processibility of

 purified chemicat pulp inio celiulose derivatives

which comprises adding to said puritied chemical
pulp at least one of the ethenoxy N-monoethanol-
amides of refined tall oil in an amount from B-01°.
to 02 based on the bone-dry weight of said
pulp, said refined tall oil before condensation con-
sisting appreximately of 33* ubietic acid, 5% un-
saponiflable materials and the balance of fatty
acids, gencrally unsaturated of 18 carbon atoms.

4. A mcthod for improving the processibility
of purified chemical pulp into cellulose derivatives
which comprises adding to sald puritied chemical
pulp at least one of the cthenoxy N-monoethanol-

-amides of refined tall oil, wherein the nwnber of

ethylene oxide units is from 4 to 50 per amide
molecule, said tall oil before condensation con-
sisiing approximately of 337 abietic acid, 5%
unsaponifiable materials and the balance of fatty
aclds, wencrally unsaturated of 18 carbon atoms.

5. In the manufacture of reenerated celluluse
produets by the viscose process, the step of in-
corporating into viscose ethenoxy N-monoethanol-

. amides of retlned tall ofl wherein the number of

Enuml;émln. CMG. O.A bB.S.P. Q\;»en's Printer and énulrulle\ (;i'“b‘mtmu'ef_\'. dttau:;.‘abbék
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cthylene oxide units is from 4 to 50 per amide
maoleettle, said amides Leing added in an amount
from 0-01°. to 0-2'. based on the weight of the
cellulose content of the viscose.

6. In the manufactuke of regenerated cellulose
products by the viscose Process, the step of in-
corporating into viscose ethenoxy N-monoethanol-
amides of refined tall il wherein the number of
ethylene oxide units s from 4 te 50 per amide
malecule, sald refined tall oil before condensation
consisting approximately of 33°. abietic acld, §5°¢
unsaponitinble materiaks and the balance of fatty
acids, gencratly imsaturated of 18 carbon atoms,
caid a:mides being idded in an amount (rom 001
10 0-2°. based on the weight of the eellulose con-
fent-of the viscose.

7. A now article of manuficture consisting of &
purifled  chemical - cetiulose pulp product having
incosporated  therein  ethenoxy N-monoethanol-
amides of refined tall oil wherein the number of
ethylene oxide units is from 4 to 50 per amide
molecule, aid retined tall oil before condensation
consisting approximately of 33°: abietie acid, 5
unsaponifiable muterials and the balance of fatty
acids, gencrally unsaturated of 18 carbon atoms,
said amides being present in an amount from

0-01% to 0-29 hased on the bonc-dry weight of ’

suid pulp.

8. A new article of manutacture consisting of
a puritied chemical cellulose pulp product having
incorporated therein from 0-01'¢ to 0-2¢ of the
cthenoxy N-monoethanalamides of refined tall oil
wherein there are from + to 50 cthylene oxide
units per #inide moleenice,

029




T

b o,

i

=

b

sty

L IR

e

. September 16, 1948

122 E. 420d ST.. NEW YORK 17, N. Y.

 TECHNICAL ASSOCIATION

OF THE PULP AND PAPER INDUSTRY

Edited By R. G. MACDONALD, Secrefory

Physiological Effects of. Sulphate Pulp

Mil

: Abstract
The addition of sulphate pulp-mill wastes to sca water

reduced the hours thet oysters rewmained open and de-.

creased the rate of pumping of water through the gills.
The depression of the rate of filtration was found to be
propertional o the concentration of effluent.

Strong kraft soap, weak soap, and black liguor were
found to contain this physiologically active material in
greal- amount. It tends to conccntrate in the soap por-
tion of the mill products. Oxidation of the wwocak black

" liquor makes the material ineffeciive.

I toxic substance can be precipitated from wmill
lignors ?}y salt. Its presence in the soap is due to adsorp-
tion by the latter of materigl “salted out” of the black
liguor by the treatment with salt,

The toxic action of sulphate pulp-mill wastes on
aquatic animals has been observed and reported many
times. These wastes, when present in suflicient concen-
tration, were found to be injurious to fishes as carly as
1908 by Ahlin (1). Other European workers, such as
Ebeling (2, 3, 4), Vallin (3}, Hagman (6), Jirnefelt (7),
Bergstrom and Cederquist (§), Vestergren (9), and
Lrdtman (70) have pointed out the toxicity to fresh-
water fish of the resin acids present in the sulphate mill
cfffuents. In the United States toxicity studies have been
reported for fresh-water fishes by Cole (11), Cole and
Warwick (12}, Extrom and Farmer (13), and others.
No work prior to that reported in this paper has been
done on the effect of sulphate mill wastes on shellfish,
The experimental studies of the physiological action of
these pollutants on oysters was carried on in connection
with an investigation of a marked decline in the oyster
production of the York River, Virginia, which resulted
from a failure of the oysters to grow and develop a good
quality for market. The complete report of this investi-
gation recently has been published (14).

Although the emphasis on abatement ‘of pollution is
rightfully placed on conditions affecting  fresh-water
streams, more ad more attention is being directed to
studies of pollution of coastal waters since the number
of industrial plants along the coast is being increased.
It is in the brackish waters of bays and estuaries that
many of the seafowds are produced and pollution of such
areas is of importance. This is particularly true of

* Presented at the Annual Meeting of the Technical Association of the

Pulp and Paper Industry, Hotel Commodore, New York, N. Y., Feb.
23.26. 1948

'Aqualic.Biolozi»!. U. 8. Fish and Wildlife Service, College Park, Md.

Wastes on Shel

By Walter A. Chipman, Jr.}

TAPPI Secrion, Pace 389

fish®

shellfish.

The oyster, being sedentary, is unable to avoid un-
favorable environments excepting by closing its shell
and remaining closed. If this condition persists for some
time, the animal must perish. Any material of the sur-
rounding water that causes the oyster to remain closed
will prove injurious. Other substances not causing this
response may still damage the organism through inter-
ference with its inner mechanisms concerned with feed-
ing and respiration.

Undisturbed on the bottom, the oyster relaxes the
adductor muscle and allows the shells to open from the
elasticity of the hinge. Sea water is drawn through the
gills by the action of multitudes of cilia, microscopic hair-
like processes which completely cover the gills. The
water is forced through small pores into the water tubes
within the gills. Here the oyster blood is oxygenated by
close contact with the water within the tubes. This water
then passes to a chamber above the gills and is forced
out of the shells in a rather rapidly moving stream. As
particles of microscopic plants and animals are brought
to the gills with the water, they are collected on the gill
surface and become embedded in a slime which covers
the soft parts of the animal, and, by the action of the
minute cilia, are carried across the surface of the gill to
and into the mouth. The contractions of the adductor

. muscle and the mantle, a covering of the body of the

animal lining the shell, control the flow of water by
regulating the opening and closing of the mantle chamber
te provide for a greater or lesser access of the outside
water to the gills. Disruption of the pattern of ciliary
motion also will stop the flow.

The experimental work herein reported consisted of
observations of the effect of pulp-mill efBuent on the time
oysters remained open, on the pumping activity of the
gills of oysters, and on the rate of water filtration of the
entire oyster. A\ few studies were made of the physiologi-
cal action of kraft soaps and black liquor. Bivassays
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Concentration

in Parts Mean Value of Standard Standard

per 10 Liters Hours Open  Deviation Error

1,000 ] AN e

100 8.5 v ‘.

30 12.8 2.40 + 0.8%

25 13.7 2.52 + 0.89

10 135 3.89 T 117

5 17.9 1.29 * 0.65

;.5 20.3 3.15 + 1,587

2.0 19,2 1.63 + 0.67

1.0 200 2.06 + 1.03

1} 213 1.29 + 0.26
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were comipleted on various tractiots of these materials in
attempts to isolate the physiologically active substance.
The cflluent samples tested, collected from the sewer

‘of the mill at diiferent times, were composites of like

unit volumes taken every 15 minutes for a period of
5 hours. Since the waste Tlowing in the sewer was quite
varied in character even these composites showed von-
siderable differences in their specific gravity and in their
components. For this reason the dilution used with one
particular efiluent may not truly correspond in strength
with a similar dilution of another, and variations in
physiological effectivencss may be expected. Similar diffi-
culty in obtaining efffluent samples of comparable com-
position were reported by Lxtrom and Farner (13).

Effect of Pulp-Mill Effluent on Time That
Oysters Remain Open

The laboratory experiments of the effect of pulp-mill
effluent on the time that oysters remain open were con-
ducted on oysters placed in chambers receiving running
sea water or sea water to which known amounts of
sulphate mill effluent were being added. By means of
a light thread connecting one of the shells of the oyster
with one end of a pivoted lever, a tracing of the move-
ment of the shell was obtained on a smoked paper fast-
ened to a revolving kymograph drum. The experiments
were carried on for periods from 6 to 30 days using
concentrations of effluent in-sea water from 1:10 to
1:10,000. Shell movement records were obtained for 49
oysters treated with the effluent and compared with those
of 25 oysters in sea water during the same time.

The results varied in the experiments performed with
different samples of effluent. However, the number of
hours that the oyster remained open was reduced when
effluent was present in the sea water in concentrations
stronger than 1:10,000. The time the oysters remained
open decreased as the concentration was increased. This
relationship is clearly séen in Table I which shows the
mean values of hours open in various concentrations of
the effluent with their standard deviation and standard
errors. .

A marked physiological response was shown in the
type of muscular activity of the oysters subjected to
concentrations of effluent 1:3,000 or stronger. Rapid and
frequent shell closures gave evidence of an irritating
cffect immediately after the material was added, These
periods of activity were followed by long periods when
the oysters remained tightly closed. In very strong con-
centrations the ability to hold the shells closed was lost.
Attempts by the oysters to close their shells after this
became less frequent and the. strength of the adductor
muscle diminished. Long periods when the shells re-
mained open, with only feeble attempts to close at infre-
quent intervals, were characteristic of the time just pre-
ceding death of the oysters.

Effect of Effluent on Rate of Water Movement
by Action of Gill Mechanisms

Tests were made of the effect of various concentra-
tions of effluent on the rate of water filtration by the
activity of the gill mechanisms. After prying the shells
slightly apart, a glass rod was inserted to prevent the
oyster from closing. A small rubber tube was inserted
into the chamber from which the water leaves the oyster
and the remaining space on the excurrent side was
packed with wet cotton. Water entering the oyster on
the incurrent side would then leave the oyster through
the rubber tube, which in turn was connected to a
calibrated glass tube. By adding a small amount of
carmine suspension to the water flowing in this tube, it
was possible to time between marks the passage of the

48 TAPPI SecrioN, Pace 390
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tip of the red cone thus formed. In other tests the tul
was connected to a small chamber from .which the incow-
ing water would drop onto an electric drap-counter and
the number of drops per minute recorded. These methods
have been fully described by Galtﬁo‘ﬁ (15, 16). Such
arrangements would rule out the activity of the shell and
mantie in controlling the rate of How and lmit it 10 tha
of the gill epithelium. )

In a number of experiments the oysters were sui.
jected to increasing concentrations of the pulp-mill effln:
ent in sea water. In other tests the oysters were kepr &
one concentration of effluent for several hours. Reading :
generally were made after half hour exposure to caci:
concentration or at half hour intervals in a fixed com-
centration of pollutant. o

The material physiologically active in altering the ruai.
of flow was present in varying amounts in the differcin
samples. In certain ones concentrations of 1:2,000 anii
1:4,000 were effective. In others, the only changes were
those brought about by exposure to strengths of 1:10n
or 1:2000. The reduction of the rate of water filtration
resulting from one of the samples is shown in Table 11
The percentage of depression in the rate of pumping of
water through the action of the gill epithelium was in-
versely proportional to the concentration of the effluent.

It was observed also that the effects were temporary
and that the rate of pumping returned to its original
value once the pollutant was removed. There were no
irreparable changes in the gill epithelium after several
hours of exposure to the concentrations used in the

TABLE II.—-DEPRESSION OF THE RATE OF FILTRATION

CAUSED BY PULP-MILL EFFLUENT (SAMPLE 24)

{Specific gravity 1.0043. Carmine-cone method. Figures express means of

percentages of mormal rate, Each oyster was exposed to one concentratinn

of the effluent for 1% hours. Three sets of readings weres made st
half-hour intervals.)

Petcentage Percentage
Concentration, - Number of Normal Standard of
parts per liter of Oysters Rate Deviation Depression
21 100 L. 0
6 99.2 4.37 + 0.87 n.g
18 89,2 8.21 + 190 10.8
27 77.8 5.83 + 112 222
15 36.5 5,65 + 1.46 63.5

experiments. It can be inferred that there was no cumula-
tive effect on the ciliary mechanism under conditions of
the tests.

Effect of Pulp-Mill Effluents on Rate of Pumping
of Water by Intact Oysters

Measurements were made of the amount of water
pumped by oysters exposed to pulp-mill effluent and to
pure sea water under the combined action of all the
mechanisms which control the rate of water filtration;
namely, that of the ciliated epithelium of" the gills and
their ostia, the mantle, and the adductor muscle.

The so-called Rubber Apron method was used which
involves the technique developed by Nelson (17). In this
the oyster is so wrapped in a piece of rubber dam that
a cone is formed leading from the excurrent side. All
the water entering the oyster must leave through this
cone. By mounting the oysters in a constant level tank
the flow of the water from the oyster is collected in a
chamber which discharges when filled to a certain level,
the volume at which it empties being known. A record is
maintained automatically of the shell movement and the
amount of water pumped by the oyster.

The amount filtered by individual oysters varies con-
siderably according to size. For this reason a basic rate
of pumping was determined for each experimental nyster
from records of its activity in plain sea water. The rate
of pumping during cxposure to various concentrativis
of effluent was then measured and compared to this basic
rate. For each the mean rate was determined, counting
only the hours when the shell was open. The fact that
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the shells are open does not necessarily mean the oyster
is feeding, for many observations had shown that the
oysters could remain open and still not pump water.

The results (Table [II) show that concentrations of
mill efuent of 1:200 and 1:400 gave immediate and
marked effects, depressing the water output to a small
fraction of its rate observed before treatment. In con-
centrations of 1:770 and 1:1,000 the effects were less
pronounced. Some oysters appeared unaffected and
others showed a marked drop in the rate of flow!

For a picture of the combined effects we may con-
sider an analysis of the data of one test, whch was typical
of the others, and is shown in Table IV. Both the rate
of pumping when open and the hours open were reduced.
As a result the total daily amount of water filtered was
decreased by the action of the effluent in the sea water
with a total for the 1214 days of 760.3 liters for the test

oyster and 2259.5 liters pumped by the control, a differ- -

ence of approximately 1,500 liters.

Effects of Mill Products on Pumpiné of Water by
’ Gills of Oysters

Physiological tests were made of the various mill
products which were found in varying amount and at
different times in the effluents. These tests measured the
effectiveness of a 30-minute exposurt time on reducing
the filtering activity of the oyster gills. It was found
that strong kraft soap in dilutions of 1:200,000 was very
effective. Weak soap and black liquor also caused imme-
diate and marked reduction in rclatively dilute
concentrations.

Storage of effluent samples open to the air only slight-
ly reduced their effectiveness. Drying of a sample of
effluent reduced its ability to alter the rate of water

~._pumping by the gills of oysters, but did not completely
“.. Ydestroy it. Ashing of the dried residue caused a complete

1
I

loss of physiological activity of the material under the
conditions of the experiment. A sample of black liquor
stored under hydrogen for a period of 14 months was
found to retain its potency. Other samples similarly
stored only slightly lost their effectiveness in reducing
the rate of water hitration of oysters under the experi-
mental conditions.

One sample of black liquor was placed in a flask and
the air above displaced with pure oxygen. The flask and
its contents, connected to a reservoir containing a known
volume of oxygen, was shaken for 90 hours. It was
found that the black liquor thus oxidized had lost its
ability to reduce the rate of pumping of water by the
oysters.

Samples of weak black liquor and kraft soaps were

TABLE I1IL.—EFFECTS OF ULP.MIIﬁL EFFLUENT ON RATE OF
PUMPING OF OYSTERS (RUBBER-APRON METHOD)

slhta of pumping of test oysters is expressed in percentage of basic rate
etermined from revords obtained during the number of days these oysters
were kept in sea water before «Yoﬂuuut was added. Basic rate for control
has been determined for the same pe‘rwds of time.}
Rate of
- wmping in
S D Origimat Rat

pecific ays in rigina te
Coneen.  Sample Gravity O{qner Sea Iéa{s n
teation No. at172.5°C. 0. Water uent Control Test
1:200 -3 1.0013 1 3 6 119.1 4.4
1:200 3 1.0013 3 3 ] 107.5 9.4
1:400 é 1.0012 9 3 1 97.5 46.4
mgo 6 1.0012 K] 3 4 93.9 25.6
1:770 6 1.0012 12 3 5 105.1 16.2
11770 6 1.0012 11 2 6 92.4 84.2
1:1,000 S 1.0013 3 2 4 99.5 l!-_l.6
111,000 H 1.0013 2 1 & 111.6 125.7
111,000 6 1.0012 10 6 5 125.1 102.5
111,000 24 1.0043 204 4 1 128.2 2241
1:1.000 24 1.0043 205 2 2 110.4 70.7
121,000 0 1.0022 102 2 3 156.0 39.9
111,000 $1 1.0014 104 2 13 161.6 46.6

From these tests it can be seen that it is possible to
render the active material of the effluent physiclogically
inactive by oxidation but that it is not readily oxidized.

September 16, 1943
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TABLE 1V.—EFFECT OF PULP-MILL EFFLU (SAMPLE 51

DILUTED 1:1000 ON THE RATE OF PUMPING PER HOUR AN

THE TOTAL AMOUNT %F WATER FILTERED BY THE OYSTERS
DURING EACH DAY

{Difference between control snd experimental = 1,499.2 liters.]

Experimental Control
L A ” A aY

. Total * Total

Time Rate of Water Time Rateof Water.

Olh‘ern, Pumging. Filtered, Open, Pumping, Filtered,

3 L/hr. N . 1./r. L
24.0 7.4 177.6 24.0 4.8 115.2
€12.0 *9.8 *2352 *11.1 ®6.0 *133.2
**6.1 22 **26.8 **11.2 5.0 344
1.1 1.4 15.5 21.2 1.9 162.5
16.8 1.6 26.9 21.6 10.1 218.2
14.5 31 45.0 21.9 9.9 2168
16.2 2.1 34.0 20.2 10.4 210.1
16.4 3.1 - 50.8 20.9 8.1 169.3
15.9 2.8 44.5 16.1 6.2 99.8
12,9 3.7 47.7 15.8 2.3 115.3
16.2 4.1 66.4 22.1 7.7 170.2
16.0 7.0 112.0 23.2 8.2 190.2
143 - 6.7 95.8 21.2 2.4 199.3
15.8 6.9 103.0 21.0 3.7 182.7
12,1 7.4 99.3 23.2 10.9 252.9
'll‘;’t‘nl dfor '
ays

of test ... ... 760.3 vee . 2,259.5

T ¥ Observations made 13 hours before addition of test material to experb
mental chambers, R

** Qbservations made 12 hours after adding of test muaterial to experl-
mental chambers.
treated in various ways in attempts to isolate in some
particular fraction the material responsible for the
physiological activity. This involved salt precipitation in
the presence of ether and extraction with ethanol and
methanol. Bicassays were made of the materials ob-
tained at various stages in the scheme of fractionation.
These consisted of examination of the rate of water fil- -
tyation of oysters exposed to increasing concentrations of
the material under observation using the carmine cone
technique,

It was demonstrated that the toxic material affecting
oysters tends to concentrate in the soap portion of the
mill products. This is in agreement witlr the conclusions
of a number of European investigators who ascribe the
toxicity to fishes as due to the resin acids and their
sodium and calcium salts. ' )

The experimental studies showed that- the toxic
material could be separated from the soap and from weak
black liquor by fractionation. Treatment of mill liquors
with salt caused a “salting out” of the effective sub-
stance but repeated treatment of the weak black liquor
was necessary to accomplish this completely, The sul-
phate soaps precipitated from the mill liquor by the
action of the salt in the presence of ether did not contain
the toxic material but the cther extracts were effective,

The evidence indicates that these soaps, when precipi-
tated from the mill liquors, adsorb the toxic substance of
these liquors and that this effective material is a con-
stituent of the unsaponifiable portion.

The exact nature of the toxic material was not
determined in the work reported in this paper. Erdtman
has definitely shown that the toxic substance obtained
from the European pine, Pinus sylvestris, is a dioxystil-
bene present in the heartwood of the tree.
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; o Rt Jﬂ;“;l?;.‘fwé‘eks of storage time pine roundwood that on the average about 80‘:{:: to 88% of tl}e ex-
. %7 7 Jost approximately 11% in tall oil yield, while tracted tall oil can be found in the black liquot.
b .-""  for the same length of time purchased slabwood ' I . , R
«4 .. .chips (pine) lost .64%. Most of the loss in yield ntroduction T
- roccurred, within six weeks. The purchased chips N AN EFFORT to insure maximum possible tall: oil
¥ Jost more -tall oil yield in one week than the production, a laboratory fact-finding program was |
. .-+ roundwood in 12 weeks. initiated to sccure more information and data ¢on- .
0, The loss in yield from the roundwood was due cerning the fluctuations in tall oil production end -
entirely to the loss in yield of fatty acids. The the reasons behind these fluctuations. The study of |
. .. loss in yield in the purchased slabwood chips age vs. tall oil yield for roundweod and purchased -
e C e WES due predominantly to the loss in vield in slabwood chips was a part of this overall program. -
L fatty acids; however, there was, in addition, a Other aspects of this program, to be covered in ad.
~ gmall loss in resin acids, and a very small loss ditional reports, are the solvent extractions of weekly |
_ in unsaponifiables. composites of wood to the digesters, the weeldy "de-
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<t roundwood and purchased chips had dropped feet of mixing hardwood and pine liquors on tall
% " below J60. - oil recoveries. X
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f MagcH, 1965 COWART ET AL.: INFLUENCE oF STtoriNG WoOD
Bl _ TABLE I ' A
wed o T : Tall Oil Aging Study : T
SR TR Comparison of Tall Oil Yield and Quality with Wood Storage Time - ‘ , :
- \ . Basis Baponified Trichloroethane. Extract’ of Wood Chips—Carolins SRS I
1 o " Tail*
. . [74 Yield~~% on OD Wood ' ; e [221)
Wood % (By Diff.) :
e . oss in Sap. Acld a : Yiel
] "Date Storage | e Oil Mo | Aol | Bosin | o ety | galipe b/ Ton
o ime Yield Tall | Rosin | Fatty | clas clds ] A
¥ 0il Acids | Acids nsaps Pul
. 14
. Rfumdw . . LR ' .
*4 9 0 2.89 1.05 1.58 0.28 188 167 86.8 541 9.6 128.8
B2 Y 1.7 2.84 1.14 1.48 0.27 112 161 40.8 506 |- 92 1217
Y Y 14.9 2.46 0.92 1.30 0.24 174 165 37.8 52.9 9.8 105.4
- 1 7.3 2.68 1.09 1.0 0.29 171 157 40.6 485 10.9 114.8
vy : . R oL .
’ ?a 8 0 3.09 1.24 1.08 0.22 191 172 | 600 | 6398 .7} 711 133.4
' . 11.5 2.55 1.18 1.26 0.16 184 177 412 495 | 63 | 1093
s 83.7 2.05 1.08 0.84 0.16 180 169 61.1 413, « 1T 87.8
- 8/ 56.6 1.84 0.83 0.39 0.12 170 183 61.7 29.4' - 8.9 574
. 3 84.4 1.10 0.67 0.32 0.11 189 156 61.4 288 -] 9.8 471
. V4 . & .
JI w*a — 1.45 — — —_ — — — — v s2.1
- }10/10/63 — 1.06 0.61 0.30 0.15 185 147 57,5 28.5 14.0 ‘45.4

K The conversion from % on O. D. wood to No./ton A. D. pine pulp is based on a pulp yield of 42% or that 4285. lbs. 0. D. wood egual one ton

ASD, pulp.
A

uch of the available is being collected, and whether
~the losses that are occurring can be prevented.
‘The aging study, showing the effect of aging on
the yield as-well as on the quality of tall oil, was
varvied out on a small scale. Limited by the num-
ber of people and amount of time and equipment
ayailable, it was not possible to deal with a large
“quantity of roundwood or chips, or to go into a
large amount of detail as to different species or dif-
* ferent seasons of the year for aging. Some of these
phints may be examined later. Likewise, time did
gt permit the study: of the effect of aging on turpen-
tine yield. There are still several points that are
not clearly explained by the data, as will be observed
on reading this report. These unusual results may
be explained whenever further work is possible.
tSince the actual aging of the roundwood and pur-
¢hased chips was to be carried out at Carolina, it
was decided to use solvent extractions as laboratory
mlping facilities were not available at Carolina.
However, before starting the aging study it was
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necessary- first to develop a satisfactory procedure

for solvent extraction of wood to determine tall oil

.Percentage Losg

yield. The technical details of this procedure will
be covered in a separate report.

The attempt to correlate solvent extract and pulped
yield of tall oil, in black liquor, was done at Knights-
bridge in the pulp laboratory. One of the purposes
of the weekly solvent extractions at Carolina is to
establish the same correlation between solvent ex-
tract and pulped vield of tall oil over the different
seasons of the year. ‘ '

Experimental Procedures and Data
Roundwood

Four short-leaf pine trees were taken on July 18,
1963, from Duke Power Company lahd, Morganton
Distriet, in the Lake James area. The trees were all
approximately the same size averaging 115 in. in
diameter. They varied from 12 to 13 in, in diameter
at the bottom to 8.5 to 9 in. in diameter at the top,
or last bolt taken from the trees.
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Bach tree, was éut*‘jnio ‘six 5.ft-long logs. These *°

logs were transported to Carolina immediately after

" .: harvesting.and labeling. The four top and four butt

o g

" logs were used in determining the difference between

~ « fresh-cut-butt and top logs in tall oil content. The

. remaining* Jogs -were used. in the aging study and .

"' weré stored' on' the wood yard. Four age intervals
~ ~.were used : " fresh cut, 3 weeks, 6 weeks, and 12 weeks.

N" .

r

H
4
e

., Pepresenting different heights in the tree.

. Purchased Slabwood Ohips - -

- Each storage .interval was tested on chips made from
a composite, of one log from each of the four trees,
Before
" being chipped-on one of ‘the mill chippers, the logs
were barked by ‘hand.. Afterwards, a representative
_tample of the chips was taken to the laboratory for

‘" solvent extraction and another sent to Knightsbridge

-for pulpmg‘ o

o
o

" Purchased chips were obtained from the Gilkey
‘Lumber Company on July 25, 1963. The’chxps were
made from fresh slabwood from trees eut in the same

area as the four pine trees mentioned above. The

© "« chips were obtained on the Carolina Wood Yard in

s

s

e
i

1

.. *

a4 pile that measured 12.5°ft X 14.5 ft X 4 #t high.

The pile contained 5,920 1b of chips. Five age inter-

vals were used'; fresh cut, 1 week, 3 weeks, 6 weeks, and
‘+12 weeks. The samples for solvent extraction and pulp-

iig were glways taken from about the center of the
“pile and at *.‘lea.st halfway down into the pile.

/¥~ a1l Ol from Bolvent Extractions: Carolina

*

The chips were reduced to matchstick size in a
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' Wiley Mill and then spread out 'to:sir.dry -in the

laboratory for two days. The air-dried matehsticks

- were ground in a Wiley Mill to pass a screen with

1 mm diam opening. The moisture content of th
sawdust was determined by drying 200 AD g over
night in an oven at 105C. Using a soxhlet unif
400 AD g of sawdust were extracted for 18 hr
with 1, 1, 2 trichoroethane. The sawdust was allowed

- to soak overnight in the solvent before and halfwej
- through the extraction peried. Following extraction

the extract was concentrated first at atmospheric con}
ditions and finally under vacuum. The concentrated
extract was saponified by refluxing for 6 hr with.
100 cc of 2 N alcoholic KOH, and then made up t
2 liters with distilled water. Aliquots were acidified
4 N H»80, and ether extracted with ethyl ether. , Tests
were run on the ether extracted material aceordiny
to ASTM methods. Tall oil yield was determined
from the weight of the ether extract and based o
the OD weight of the wood extracted. [Note 1) “The
conversion from percent on OD wood to lb/ton AD.
pulp is based on a pulp yield of 42% or that 4.285 1b
OD wood equals one ton AD pulp. Note 2) T
chloroethane for wood extractions, and petroleuzii“f
ether for Buckeye test.] . g
Tall 01l from Digester Cooks: Knightsbridge - 32
Part of the chip sample was cooked in a stationary
indirectly-heated digester to a 16 PN. A charge of
2,000 OD g of fullsized chips was used. All of
the black liquor was collected by thoroughly . waslj-’
ing the pulp and a Buckeye test was run on the.
total collected liquor. The yield of tall oil was fig.
ured on a liquor solids basis and back-caleulated to
a wood basis knowing the total wood charged und
the. total solids in the black liquor. -1
The other part of the chip sample was extraeted:
with trichloroethane using a procedure similar tp
that used at Carolina. However, the extraction ré._
sults obtained were not used in the aging study due
to the shipping time involved. : E
Results ; 3

}

g

Boundwood Aging 8tudy—Carolina (Table I) o

The loss of tall oil yield over the 12-week aging
period was very small, approximately 11% (Fig. 1.)..
The yield, based on OD wood, decreased from 2.9¢
to about 2.6% or from 124 1b tall oil per ton AD
pulp Note 1 to about 110 lb/ton. This is taking into
consideration that for some unexplained remson the
yield was less at the end of 6 weeks than at the end cf
12 weeks. However, the yield of tall oil from the fresh’
wood was somewhat lower than normally experienced.
For comparison, the tall oil yield from the extras.
tions of weekly composites of wood to the digesters
for August through December 1963 averaged 3.4%
or 144 1b/ton, ' Lo

The yield of fatty acids over the 12 weeks do-
creased from 1.6% to 1.3%; while the yields of resin
acids and unsaponifiables increased only very slightly
(Fig. 2), from 1.05% to 1.09% and from 0.28% to
0.29%, respectively. b

As for the quality of the tall oil over the aging
period, (Fig. 3) the saponification number, the acid
number, and the per cent fatty acids decreased in
value; the per cent rosin acids and the per cent un.’
saponifiables inereased. The saponification number
decreased from 183 to 171, the.acid number from

167 to 157, and the per cent fatty acids from 54.1
2
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- - .- g T o Comparison of Tall Oil from Different Heights of s Fresh-Cut Pine I )
r's‘!;;. N o B Tree Basis Baponified Trichioroethane Extract of Wood Chips—Carolina - = ° HOPE C
HE . Ywid—% on OD Wood 5 Acia ®r ey | | o i 7
S ap. ¢ | i ; .
- Tall | Rostn | Fatty | Unesps | O No. | Besin | yitty | Uneaps; | Ib/Ton AD Pulp
- T ot Acids Acids P Acids ) ¢ .
[ I AT N % 0.99 1.85 0.36 180 159 30.8 579 |, 118 ETTE
Middle... | - 2.9 ‘ 1.05 l 1.57 0.28 183 167 86.3 54.1 C 9.8 ‘121‘3 ¥
}_j‘m S o 1.02 1.61 0.27 186 168 35 55.6 9.2 1248
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140 48.5. The percent rosin acids increased from 36.3
to 40.6, and. the per cent unsaponifiables from 9.6

“¥all Of1 from Different Heights fn Fresh-Cut Trees—Carolina
(Table 11, Fig. 4), 4

w o

“ The taps of the fresh-cut pine trees produced a
“higher tall oil yield than did the middle and butt
‘rections. * The tops yielded 3.2% or 137 lb/ton and
“the middle and butts 2.9% or 124 1b/ton.

* The larger tall oil yield of the top sections was
; due to a)larger yield of fatty acids and unsaponifi-
sables, The tops had a yield of fatty acids of 1.85%
a3 against. 1.57% and 1.61% for the middle and butt
N sections,  respectively; a yield of unsaponifiables of
0.36% as against 0.28% and 0.27%; and a yield of
_tosin acids of 0.99% as against 1.05% and 1.02%.

" The top sections, in comparison with the middle
}and butt sections, which were about the same, had
“'a lower saponification number, acid number and per
eent rosin acids, and a higher per cent fatty acids
_and per cent unsaponifiables, The tops had a saponi-
L fieation number of 180 as compared to 183 and 186
for the aniddle and butt sections, respectively; an
~geid number of 159 as compared to 167 and 168; a
“.per cent. rosin acids of 30.8 as to 36.3 and 35.2; a
‘per cent:fatty acids of 57.9 as to 5+.1 and 55.6 and
4 per cent unsaponifiables of 11.3 as to 9.6 and 9.2

w_.m.s. E ‘

t
_ Purchased Blabwood Chips Aging Study—Oarolina (Table I)

The loss of tall oil yield over the 12-week aging
- period was a dramatic 64%. One fourth of this total
loss oceurred within one week, one half by three weeks
l, and seven eighths by six weeks, indicating a very
 sharp drop-off at first and then a gradual leveling
. off. The, yield, based on OD wood, decrcased from
.'31% all,the way down to 1.1% or from 132 1b tall
oil/ton A.D. pulp down to 47 lb/ton. Within one
" week the tall oil yield had dropped to 2.6% or 109
+Ib/ton; by three weeks to 2.1% or 88 1b/ton; and by
six weeks to 1.3% or 57 lb/ton.

The yield of fatty acids over the 12 weeks de-

- o LT L
creased sharply, as did the total yield, from 1.63%
to 0.32% (Iig. 5). The yield of rosin acids de-
creased also, but more gradually, from 1.24% to 0,67%.
The yield of unsaponifiables decreased even “more
gradually from 0.22% to 0.11%. However, most of
the losses in the above yields had oceurred by six
weeks, As shown in Figure 5 the fresh wood con-
tained a greater yield of fatty acids than rosin acids.
Within two weeks the yields were approximately the.
same, and afterwards the yield of fatty acids .fell
off below that of the rosin acids. SN
As for the quality of the tall oil over the 12.week
aging period (Fig. 6), the saponification number,
the acid number, and the per cent fatty acids de-
creased in value; the per cent rosin acids and per
cent unsaponifiables increased in value. These changes
were more pronounced than for the roundwood in
keeping with the greater loss in yield. The high sa-
ponification number for the 12-week sample cannot
be explained; however, as will be discussed later, .
the saponification number for the 1l4-week regular
mill chip pile sample was also high. The saponification
number decreased from 191 to 170 (six weeks), the
acid number from 172 to 156, and the per cent fatty
acids from 52.9 to 28.8. The per cent rosin acids
increased from 40.0 to 61.4, and the per dent un-
saponifiables from 7.1 to 9.8. AT
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Regular Mill Chip Pile—Carolina S

The regular mill purchased chip pile was é\a\,pled
Av..' y o
o~y

B =Spoalal Tort an ME Purchasad Ciip Ple

s Lo
el by

A
A i b
whiins T ¥, o i3] Tep ; -
08, Weed v 18 %] Middle
13 Ta) e 5
3 I
e 3 w oo
" Tep ®
Sop. Mo, AT <] Middie i 3
‘‘‘‘‘‘ 18e Bt .
o ™ ™
by, \ i “,l
| il Na. . : Mida
> ) (2 _ et o
' L SR : )
vk Mo - Tes
i S : I'Kl"] Nidda L
% 3 et
- "q N T At -
r :
~‘ m > bd ’
Yy P i PR ;
s {f Y% n Lo ¢ :
3 N Z ) o 7 o
. 1 0 IR TR . ¢ 0 2 Y 4 s &7 ¢ -8 R L~y BT
Vaog's. T ‘\' e, . ‘ . i . -
T e - o SR O N L
5 — “ 5 Baregs Time—oWesls < ivr o ! A
' bl T2 S AP |

b SO 001

‘Fie. 4. Comparison 6f Tall Qil from Different Heights of

' Fio. 5. Purchased Chips Vield of Rosin' and Patly ,Aeids..
Time. « . 5w CE g,

*a Fresh.Qut Pine Tree. . .
o TR A e e
A e P et R e
L ) R : , o e & .

. % . o gk M,




o -

b

- T Teishioro. % Yield
it “Weed -t | Ex Dlack Liguor | trom Black
. s'tln‘:;rnc e 'I‘;!;Ig oit (‘i’held %«n oD %iﬁoa:o
T Time : 7 on m
e ’ ood ood ’éxtruz
Mnndvood T R ’ ) P
. Fresh {7 gm0 |, 2a7 81%
254 1.03 76
© 2.50 1.95 78
. 246 - 2.00 81
T AvV. 79.0%
2.8 2.97 1004 %
£.10 1.61 76
. 1.89 1.51 76
170 1.08 84
.13 1.01 93
ST T Av. 81.6%

R

v um.n 1 :
. Comparison of Tall Oil

Wo%"f' Wit Tall 0N Yialg atter
] Palpinz Buh Saponified Trichlorcethane
'y Bxtract o Chlp- and Buckeye Test on
Blnk qu\mr trom Digester. Cooks—Knightabridge

& Cgmﬁu Sp;uinl Weekly T3H Oil Potential Tests .

“Aubdat o | Extractsd Tall Oil Total Tall Oil
7. Thrgugh - f . Yield from Weekiy Potential: Production
. D bey | ites of Wood and Losses to Smeiters

[y
. %0 Dixesters - and Waste Trest. Plant

- ~1968

Lilov1438 b Tall 126.2 1b/Ton B7.7%
SN & . Oilf :
o e Ton -
’I i “.’K o ‘|v Pu]p

' "at tha begmmng and endmg of the aging study. At

¥
a
.
duiny,
v 3
il L
s
4
.
. -
e
:
+
ok N
.
fos
it N i
M
.
L.
i .
I" .
o v,
. LS .
Al 1‘.'
C e
,
¥
s
AAAAA i ]
(% ]
e

i,

. the first'sampling the pile contained about 470 cords

, and represented an approximate storage time of eight

weeks. A%t the last sampling the pile held about 1500
eords and mpresented an approximate storage time
of 14 weeks. . Before any chips had been removed

_and sent to.the pulp mill, the pile measured 190 ft

"x 180 ft x*80 £t high with tapered sides and con-

tained_about 2200 cords. The 14-week sample was

. “taken at about the center of the pxle and at a depth
u‘fof about 24 ft.

v As shown in Table I and Figures 5, and 6, the
good ‘agreement between the special aging studv and

, the regular mlll chlp pile samples indicate that the

a
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. F1a. 6, Purchased Chips Tall Oil Quality vs. Storage Time.
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o small expenmental ‘chip pxle slmulated the
_ storage conditions quite well ;

. Extracted Yield vs. Pulped Ylold—!nlzhtlbrldge

“ results that have not been completely conclusiver But

Parcoul—Tell O Yiskl Afier Puiping vi. Sopenified fuivact From Woed

(Table 1II, Fig. 7)

The attempt to correlate the yleld of tall mb from
the wood extractions with the yield of tall oil: from’
the black liquor from digester cooks has produced .}

it does appear that about 80% of the extracted tall' {
oil can be found in the black liquor. There are some
wide swings away from this value, pnmarllw with
the purehaeed chips, and these have not been isatis.
factorlly explained at this time. Also; unexpfamed
is the reason for-the loss in tall oil yield on pulping
as compared to the extracting’ of wood. - It is not
known whether it is because that two different sol-
vents Note 2 were used, or that some of the material
was actually lost on pulpmg It is hoped to be able to
resolve these questions with addxtmnal laboratorv y
studies that are planned. - T
The Carolina special weekly tall oil potential tests .
give general support to the above mentioned] 80%
figure. For the five months, August through Decenm. |
ber 1963, the total tall oil potentxal averaged 126 Ib
tall oil per ton AD pulp. This consisted of tdll oil §
production, and tall oil loss to smelters and ‘waste
treatment. plant. For’the same period the tall oil
yields from the extractions of weekly composites of ¥
wood to the digesters averaged 144 lb/ton.  There. §
fore, the relationship between solvent extract and
pulped yield of tall oil gives a comparatlve figure of
88% P
Conclusions AT |

»

In 12 weeks of storage time the roundwood lost'
approximately 11% in tall oil yield while for the same
length of time the purchased chips lost 64%. ‘Most #
of this loss in tall oil yield occurred w1thm sxx weeks. 4
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For the purchased chips one half of the total loss -

.1l oil cecurred within three weeks of storage.
fn fact the purehased chips lost more tall oil yield in
e week than the roundwood in 12 weeks.

As far as tall oil yield is concerned, assuming a
wnstant volume of chips in storage, there would be
Ies sales revenue lost over a year ’s time by rotating
jlie chip pile every six weeks than every week. This
& due to the faster rate of tall oil loss in the first
yeeks of storage. It would be even more econoniical
;tg leave the chips stored for longer periods, not ex-
aseding the point at which pulp quality and yield
‘yould be affected. By accepting the loss of tall oil
in this chip pile, a continuing loss at the faster initial
Piate would be prevented in the chips that otherwise
would be rotated on a one to six weeks’ basis.

I As for tall oil quality, by the end of 12 weeks of
{ torage the acid number of tall oil from both round-
wwood and purchased chips had dropped below the
pinimum specification of 160, This specification was
%t by Chemicals Division for Champion’s Crude De-
hydrated Tall Qil '

. The loss in yield in the roundwood was due entirely
lo the loss in yield of fatty acids. The loss in yield
in the purchased chips was due predominantly to

the loss in yield in fatty adids; however, there was
in addition a smaller loss in rosin acids, and a very
small loss in unsaponifiables. o

The loss in tall oil yield in the experimental pur-
chased chip pile was substantiated by the loss in tall
oil yield in the regular mill purchased chip pile.

In comparing the tall oil from the top sections of
trees with the middle and butt sections, which were
very similar, the tops had a little more vield, but a
little poorer quality tall oil than the middle and butt
gections; however, the differences were not too
significant. . Co X PR

Tn attempting to correlate the yield of tall oil from
the wood extractions with the yield of tall oil from
the black liquor from digester cooks, it appears that
on the average about 80% to 88% of the extracted
tall oil can be found in the black liquor. The loss
in tall oil yield on pulping as compared to the ex-
tracting of wood is unexplained at.this time.
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Chick Edema Factor. II. Application of Microcoulometric

-Gas Chromatography to Detection of Chick Edema Factor in
" Fats or Fatty Acids

By DAVID FIRESTONE, WALID IBRAHIM, and WILLIAM HORWITZ (Division of
Food, Foad aml Drag Administration, Washington 23, 1.C) -

A rapid sereening tesi for detecting
chick edema factor in fats consists of
adsorption  chromategraphy of  ex-
tracted unsapanitialles on  alumina.
followed by analvsix of speeific [rac-
tions by a microcoulometric gas chro-
matograph which ix sensitive only 10
halogens. This chramatographic method
appears to he more sensitive than the
chick bioussay.

Toxic fat  vielded gas  chromato-
graphic peaks with retention times rela-
tive to aldrin of 5 or more. Al samples
which fuiled 1o reveal those ehromato-
graphic peaks have been shown 1o be
nontoxic in the chick bioassay,

The widespread ocenrrenee of ehiek vdetin
disease i 1957 resulted o the deaths of mile
hon- ot Soune chtelens, The taxie nederizls

cait-ing this dixcase have been found to be
chlorinated aromatie hydroearbons, ocenrring
i toxie fars in assoeiation with a large nun-
her of relatively” nontoxie aromatic materials
with similar chemieal and phvsical proper-
ties. Thix paper deseribes a sereening pro-
cedire tor deteetion of sueh toxie  fats.
Speettic fractions of unsaponitiable matter
i=obred from the fars are examined by nsing
d ndernvotlometrie gas chromatograph, an
instrument which ean deteet submicrogram
amonnts of halogen. The presence of slow-
clating ~ubstaness 35 an omdication of the
ehick edema aetor in the fat,

The precise strueture of the substanecs
cansing chick cdoma disease have vot e
bee determined. Preliminary work on the
deteetion, isolation, and characterization of
the tosie agent< was reported in 1930 b
sveral Tibortories (1=3), Subsequentls
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Harmon and co-workers (43 1~okited o4 tonie
substance i ervstalline form from o feed
wrade tatlow. A private communivation rrom
lishler of the same laboratory (51 diseli~ed
that  the cervstulline substance  contained
about 47¢7 chlorine.

Yartzofl and ro-workers (6) isolated
crystathine hudogen containing material that
produced chick edema =yvmptoms ot 0.1 ppan
in the diet from a sample of triolein, Thi-
triolein wax toxic to monkevs, producing
chunges in the biver, Kiduey, pancreas, uml
other organs. More recently, Wootion al
co-workers (7) i:olated three compound-
from a toxic fat which produred chick vdema
disease. Muss speetra of two of the eom-
pound= indicated & moleeule which has a
molecular weight of 391 und contuins <ix
chlorine atoms. Ultraviolet spectry wire
consistent with the concept that these mste-
rials are - highly chlorinated aromatic com-
pounds,

Ames and co-workers (%) and Firestone
and co-workers (9} reported the aceurrence
of chiek edema discase factor in oleie avid
samples  destined for human  eonsumiption.
A food additive regulation® of the Foml and
Drug Administration now requires that food
grade fatty acids be “free of chick edew: or
other toxic factor.”” At present, the deteetion
aund assay of chick edema factor in fats is
carried out by a bioassay procedure (10-12)
that requires 21 days to complete,

We observed that unsaponifiable wmatter
from toxic fats eontained a number of chlo-
rinated components which had greater re-
tention times than chlorinated  pesticides
when examined in a nuerocoulometric gas
chromatograph;* our observation prompted
this investigation of the use of wierocoulo-
metrie gas chromatography for deteeting the
presence of chick edema factor in fats. Chick
edema factor ix presumed te he prezent if
one or more gas cliromatographic peaks with
retention times relative to aldrin of 5 to 20
are found; itx absenee is presamed if analy-
sis of the equivalent of 100 g of o fat or

YCode of Federal Regulations, Title 21, See-
tion 121.1070.

* Dohrmamn Manufucturing Company, Pale
Ao, Culif,

Gty weid Faile 1o pevend the prosenes of
these s eloptoar.phie peaks.

METHOD
Eetraction of awapodfiohle watte v Guodidi-
cation oF - AONMC e thod 26,0647 50, — Reflux
HE ¢ sl with 270 ] sdeobiol wnl 55 il
e tw/w) KOH for 1 hour, Trassfer mix-
ture ta 2 L scparmior, rvinsing Husk with 325
wl HO, and add cimsings 1o separestor, Add

C300 il pereobetin ether, A CS rredistillod, re-

vaning cut with byl 40-607CY ) and sledke vieor-
onsly. Lot kavers separscte, brouking emulsions
tHhat may have formcd by adding 10 1l aleo-
hol aud swirling gontle, Draw off lower luyer,
aned transter pper hver to snother separator.
Repeat extraction 3 tnes withe 300 wd portions
of petrolewm ether and  combine  extracts.
Wik extracts awiee with 60 il portions
of HO by swirling gently. Wash ptro-
lenm ether extracts first wah 60 ml HL.O and
then with 60 mil of an alkuhne dilute aleohn!
suln tdissolve 28 g anhvdrons KOO, in 600
wl HO and then add 100wl alechol), amid
repeal warhings in same order. Wash extracts
with 60 mil portiens of H.0 until newiral to
phenolplithalein, Transfer oxtenet 10 0 2 L
erleniueyer and dey by wldding 20 g anhydrous
NaxUy, swirling vigoroush, and letting the
solution =tund a hali hour. Deeant solution
through a gl funnel, containing a pledget of
cotton in the neck and holding 20 g anlivdrous
NiSO4 into another 2 L erlenmeyer. Wash
first crlenmeyer and funnel with three 10 ml
portions of petraleum ether, transforring wash-
ings from the erlenmuever through the funnel
andd into the filtered solution. Fvaporate most
of solvent on stean bath, and transfor extract
to 100 b fared fur Hask containing several
boiling chip=. Faaporate solvent on steam batl
and contplete deving wiiber a0 genthe cureent of
air, or by evaeuating flask to 05 cur of wer-
cury while swirling on steam barh, Detepnine
weight of ansaponifinhle matoer,

Froctionation of wnsaposiinhle ety e by
alumive clivomatogiaphy. --To a chromato-
graphic colwnn, 25 mn od. « 300 mun long,
fittedd at the bottom with o course porasity
ritted glase disk and TeHon stopeack, wdd re-
distilled  petroleum ether, dried prior to o
with anhydrous NuSO. untl cobwnn s 2y
foll. Weigh 50 ¢ ahimamam oxide (Merek roe
agent, No. 71507, and tansier 1o cohunn.
Store the aluuine m tightly closed bottle, and
elose bottle 1 soon 0 posible arer weirhing
ot portions for chromatagaphy . Let alunonsy
settlessand when air bubblo< stop dising 1o the
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witizee of the solveut, place a disk of course
Lbor paper ou top of the shmina, Cover the
disk with 2 g ashvdrous NSO Drain the
excess petroleum ether so that it is level with
the upper surfuec of the Nasth,

Teansfer unsaponifiable matter to the chro-
myaographic cohman, using a tatal of 20 ml
petroleum ether, Alow tiquid level to fall ~o
that it is just below the top of the NaSO..
Fhute sunple with 400 ! portions of each of
the following solvents (dried prior to use by
aking with anhvdrous Na:80.): Petroleum
ety v tfiaction 1. 3o ethyl ether in petroleum
Cther Uraction 2), and 230 ethyl cther in pe-
woleum: cther fraction 3). Colleet eluates in
500 ml erlenever flasks, add several boiling
chips, aud evaporate to small volume on steam
bath. Transier residues to 1ared fat extraction
flasks, evaporate sobvent, and weigh. Transfer
to 2 g short style vialé having serew eap with
tin liner, and evaporate solvent,

Mierocoudometrie gas chromatography —Dis-
solve 4 g siliconr grease (Dow Corning High
Vacuum Grease) or Dow Corning DC 200
silicone fluid ‘12500 centistokes) in 200 nl
chloroform on steam bath, Add 16 g acid-
washed Chromosorb W (Julms-Manuville Col,
and stir continuously until most of solvent
evaporates (about half nn hour). Let stand
on stemin bath 1 hour. and place i vacuwm
oven at 50 C overnight 1o remove residuad
solvent.

Pack the eoated Chromosorb W ointo a 3
length of 023" od. aluminun tubing plugeed
at one end with gliss wool, using @ Burgess
Vibratool. (Two 3 eolumns may he prepared
from 20 g eoatcd Chromnsorh W Add a plug
of glass wool 10 the open end of the collnm
and bemdd it into o tight <piral, using a 3”7
diameter mandril, Condition the colimn at
275°C for 18-T2 hours. pussing  mirogen
through at 20 ml per minute,

Yrepare o 100 0 10730 solutien (10 mg/ 1)
of aldrin v bexane ar henzene snd chromato-
graph 100 g1 pentions ina Dobrmann mnirro-
conlomerrie gas chromatograph o 246218 €,
using u nitrowen flow rete of 50-100 il per
minute so that aldem cdntes in 2.3-3 nanutes,
e the 128 ohta range setting Determine
aren of ablrin ek by ranealaion, or with
a dhiee chart or dlectronie integrator instalied
on the ~trip elort peeandor, and edendate vee
covery of whdrin nsmy the following coguntion
Gapplieable 1o eblorunted componnds):

S ohie setting Wil leve o resistiunes of 128
ohme whet the chrontograph s used with o
1oy steip chart recorder,

JOVRNAL OF THE 8.0.A.0. { YOL 4Y, JNU, 3, 11N])

g Aldrin = (peak area, in?) X [recorder
sensitivity Omin/indany/in) | X (358 g/eq.)
X (60 sec./min.) X (10% pug/g) (103v/mv)
(10)/ (sensitivity range, ohms) X (% chlorine
in compound) X (96,500 coulombs/eq.).

For a 0.1 mv “in. recorder sensitivity, 2 miy -
in. chart specd, and 12.8 ohing sensitivity rung.
rosistance, the equation above reduces to:

uiz Aldrin = (area X 34.5)/% chlorine,

The number of strokes of & disc chart int..
grator coupled to a chromatography recorder!
equivalent to cach square inch of arca can I..
determined as followa: (a) Remove the fus-
from the strip chart amplifier; (b) roove t!.
pen upscale on the strip chart a known .
tance from the baseline; (¢) run the charr .
known distance; and (d) divide the calculi:.
area (height X distance traversed by the puon;
by the number of strokes obtained.

By using the formula calculated as described
ahove, a recovery of at least 70% of the aldriy
injected should be obtained.

Distolve fractions 2 and 3 from alumina

chromatography separately in benzene to give
100 x! solution, and chromatograph each solu-
tion in the Dohrinann instrument. (For analy-
sis of more than about 60 mg of each fraction,
approximately 5077 benzene solutions of up to
250 w1 volume should be prepared and injected.
Do not injeet more than 125 mg material into
column). First chromatograph Yo of the frac-
tion, snd if no chromatographic peaks with
R == 5 or greater are observed. chromatograph
the remaining #i0 of the fraction (cquivalent
10 100 g starting sample). Chromatograph a
portion of uldrin before each sample, and cal-
culate Ry value (retention time relative to
aldrin) of each peak in the sample chromato-
gram. weing o millimeter rule to measure re-
tention times. Record Ra of gas chromato-
wraphie peaks in the range Ry = 5-20. Peaks
in thi= rnge are indicative of the presence of
chick edetna factor, The presence of broad
bansls with no dolinite peaks is not indicative
of the presenee of chiek edema factor.
«Note: Tvpes of samples which are found
from experience to be generally free of com-
ponents characteristic of toxie fats may te
exumined s described above in 100 g por-
tions. the sample saponified by refluxing with
210 1wl aleohol and 50 ml 505 (w/w) KOIL,
and all of each of the polar alumina fractions
s chroatographed.)

« Minneapolis-Honeywell  Model Y 153X
¢ Minneapolis-Honey well Regulator Co.,, Phils-
delpbia, 1'n. 1, or equivalent,
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Results and Discussions

Relative Retention Timces of Chlorinated
Pesticides and Chlorinated Materials from
Toric Fats~A nuntber of chlorinsted pesti-
cides and several ehlorinated muterials iso-
lited from toxic fats were chromatugraphed
i the Dobrmann instrument at 248°C with
the 3 column. Retention times relative to
aldrin (R are shown in Table 1. The
pesticides are representative of the whale
range of retention times displayed by chdo-
rinated pesticides. A toxie factor isolated
from triolein (6), an inactive analogne, and
a concentrate prepared from a toxic fat, all
vielded chromatograms with peaks of Ity =
5 or greater whereas the pesticide peaks
were all less than I, = 4. The toxie factor
from triolein as well as the toxie fat eoneen-
trate produced chick edema when fed to
young chicks at a level of 0.1 ppm in the
diet.

Table 1. Relative retenlion times of
‘chlorinated pesticides und materials
isolated from toxic fals
(3 foot, 3£ in. diameter colwmnn, 20 silicone
grease, B80S, Chromosorb W carrier gas flow
rute, about 60 ml/min.; column temperature,

248°C; injection block temperature, 270°C)

i Retention
Time r&. AMdrin

Sumple | (Ra;
Chlordane 1.0
Heptachlor 0.9
Kepone 2.2
Mirex 3.6
Strobane 0.5-4.3
Tedion 3.4
Toxaphene 0.6 3.8
Poxic fuctor from triolein 3.0 ,
Inactive analogue from triolvin | 4.0
Concentrate from a toxic fat 2.3, 3.6, 5.1

The e¢hick cdema-producing factors iso-
lated by Wootton and co-workers (7) hiud
retention times relative to methyl arachi-
date of 1.17, 302, und 3.17 when chromato-
araphed ut 250°C on 4 207% silicone column.
Since aldrin clutes twice as fast ax methyl
arachidate under these conditions, it woull
be expected that these toxie factors would
have R, values of ahont 24, 60, and 63

at 2500 C on silicone columans, When s low-
melting iunetive somer® having the sanwe
retention time (I, = $0) ax one ol the
txie faetors was chromtogeaphed in the
Diohrinn instrament, the following #, val-
wes were olituined at 2467, 2487 and 250
respectively: 6.6, 4, and 6.2,

Prelimirary Analipsix of a Growp of Tere
and Nowtorie Fats. Mierovowlomdtee Anul-
weis of Tnsapovifiable Mative Wethout Prior
Fractionation en Al - gronp of 7
toxie and 7T pontoxie fat were exoavined
initinllv. The futs ure deseribed in Tables 2

Table 2. Data on toxie fatxs

Oreane
Clin
Unsu-
€ Uosa- - ponitable
Manu- - positiable  Muartter.
faciurer  Matter o ppn

{omponent

1. Pullow acids, 1 18.3 10
still distiflate
Tallow acids, 1 14.8 ih
still distillate .
3. Tuallow acids, 2 10.1 14
still distiflate }
4. Tallow acids, R
still distill:e
5. Talow acids, 1
still residue

[

6, Tullow 2 W | 34
7. Fat from broiler 4 2.5 K00
feed

and 3, respectively. Presenec of chick cdeina
disease was determinud by bioassay (2) v<mg
& speeial basal ration. Organie halogen in
the unsaponifiable matter (asstmed to he
chlorine) was determined by microcoulome-
trie gas chromatographie analysis of 50 mg
portions of un=aponitible matter without
prior fractionation by alumine ehromutog-
raphy. Doth toxie and nontozie fats eon-
tained widely variable amounts of asapon-
ifiable matter and organie chlovine, Sourees
refer to individual manufueturers. Gas ¢hro-
matogram= of unsaponifinbic matter from
two of the toxic fats (Nos. 1 and 2 show
peaks with £ty values of T Gas chironudo-
grams of unsaponitiable matter from the

s Qupplicd by e, No KR Artnan, Procter and
Gamnble Co,. Cineinnati, Ohin,
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Table 3. Bata on nontoxic futs
! J Organic
. i Clin
) ’ Uinsa-
' 1 Lo Unsne | ponifinble
i Muone | ponibable | Matter,
Component ' fucturer l Matter : pn
e Rt TN S
1. Cottouseed oil &8 | 0. ! 80
(30) ‘. i |
2. Cottonseed oil | 8 i 0.5 l b
3. O8O fos, , G 12,1 5
still residue ‘ i
4. CBO fatty acids 2 . 0.4 31
. Vegetable oil 5 ! 2.2 ! 28
foots i i |
6. Tallow fatty - 7
acids, still | | |
residue f '
7. Corn il 7t 0.8 150

other toxie futs and from nontoxie fats oh-
tained without prior fractionation by alu-
mina chromatography were similar: most of
the organie halagen elnted in 2-4 minutes,
and there were mo peaks with Iy values
greater than 3. Sinec components with I,
vahies of 3 or more yre usually present i
the unsaponifiable matter of toxie fats
very low levels, a coneentration step by
almmina chromatography is NeCe<ary prior
to microcomometrie analvsis,

Fractonation of Unsapouifiable Matter
on Muniina Prior to Microcondometric Anal-
wsis~—The 7 toxie and 7 vontoxie fats were
then analvzed by procedires essentially as
deseribedd above, At first, t-foot. qml Inter,
d-font chromatographic colimns were el
in the nieroconlomerrie gas chromatosraph,
With herter colmnns, faster elirtion per-
mirted anadvsic of 12 <auples eael working
v and deanles wepe comparalle to 1hase
ahtsined witle the corsentional -font eal-
s Beestise 1= H0 g portions of sane
Pl were repesiidly injeened, ol components
of e mieracolont rie oy chromutograpl
were cleaned every 2o weeks e reqitired.
e ('lnl'nrn‘l?"‘,"r'l;riliv' mhunm wWire ]'l‘[l].‘ﬂ'(‘(l
Cok 3-2 monithe T eaees where ~unples
cartined bowe et o nnsapniifinble
restter, brger abaine eolnins were 1
For the eolmmm ehrotonraphs s that e
reno of sl o Geeaponiiiable s ter
Was b et 2000 b I These e ipro-

JOURNAL 0F THE 8.0.A0. (Vol. 46, No. 3, 1483,

priately larger amounts of eluting solvent
were alzo used,

Fractions obtained by adsorption ¢hrowy,
tography on aluiina of nnsaponitiable tint.
ter were analyzed hy microcoulometri, s
chromatography.  Gas ohromutogrmns of
polar fraetions from toxie fats (eluted With
5% and 25¢. ethyl ether in petrolewn ethar)
all showed peaks with Ry values ieiter
than 5. No peaks with R, values greatey
than 5 were found in gas chromatogryy,. of
these fractions from the nontoxie fats,

Portions of alumina fractions 2 o
cquivalent to only about 50 g of the nonto,.
still residues (Tuble 3, samples 3 and )
were chromatographed in the Dobrmauy, s,
strument because of the presence of a forge
amount of ervstalline material in these Ty
tions. The infrared spectram of this nyp.
rinl (isolated by recrystallizing from petrn.
leum ether) resembled that of dipahnitone,
An additional eleanup procedure must he .
veloped for routine analysis of 100 g samples
of such still residues, Additional examing.
tion of nnsaponifiahles from 2000 g portion.
of three nontoxic vegetable oils (Table 3, san,.
ples 1, 2, and 7) failed to reveal chromuto-
graphie peaks with B, values greater than 3.

Table 4. Slow-eluting peaks in miecro-
coulometric gas ch romatograms from
analysis of toxic fats

1
! Manu-
Na. : Toxic Fat ; facturer Ra 25
U ! Tallow acids, . 1 6, 9,12, 21
still distillate
o2 Tallow acids, ' 1 6,910, 14
" <till residue ; !
3 " Pallowacids |t g, 9, 10, 18
+ Fallow {2 6. 9,12
4 Tallow acids, © 2 6,9,10,1%8

«till distillate |
[H Tallow neids i 3 ’ 6, 10

Fable 1 Jists the slow-cluting peaks fornd
in g~ chromatograms from 6 of the T texie
fats, Fire 1 shows chromatograms of -
mine Araction 3 from three sl distillsres,
ereh of which was olitained from a diftfesoat
wenaetuver of coananereial fatty acid- A
somilar pattern of slowslnting peaks ne-

048



-

promn

Ay

s,

EU T

i

o

g

e,

e

Rodle el v

VIRESTONE, ET AL.: CHICK EDEMA FACTOR [N FATS OR PATIY ACTDS | ’ ’ 480

cests that a common complex condaminant
may be respousible for the presence: of chick
dema fuetor in futz. Fach peak probuably
represents a complex mixture of elosely re-
lated compounds. 1n faet, when polar alu-
mima fractions from several roxic s were
iurther fractionated by additonal  colnmm
chromatography on alumina, such puritiea-
tion often resulted in partial resoltion of
the corresponding peaks into at least 2 com-
ponents.

The fat from a chick edema-prodacing
sample of biroiler feed (toxie sample 7) con-
tained over 400 ppm chlordunc, and this
sample required special treatment becausc
large quantities of chlordune elmied 1 alu-
mina fractions 2 and 3. Although the I2
of chlordane = 1, the large amounts present
produced overlaaded chromatogranis whieh
mterfered with gas chromatographie detee-
tion of other components, A portion of com-
bined fractions 2 and 3 wus molecularly
distiled in a “eold finger” pot =ull for 2
hours at 85°C and 50 p pressure. The chlor-
dane was volatile under these conditions and

was elimamated from the vesidue which was
ataivaed i the Dohrmann jestriment,
Peaks with 1, values grieater thau & were
then found i e chrontograms,

These resnlt< inchented that aluming ehro-
marography of an-aponitishle motter fol-
loweild by nderocontomerrie g elirontog-
raphy of approprinte Treetions uight be
naed as o serecning provedure o deteet
chick edema faetor i fas el farry aedds,
AMbdhitional work on eleannp procedirres =
required before thiz wechuigie ean be appiied
rontinely o exianbetion ol [0 g sanples
of low-grade Turs, <ueli o« =t residues con-
taining baege onomnts of muteriad that elute
tn aluming fraetions 2 aned 3.

Effcet of Awmina Aetivity and Colnmn
Dincnsions v Xdsarptioe Cheomatography,
=Alumina aerivity was Yonnd o sffeet the
rate of clution of =ubstanees feom toxie futs
which are responsible for the gas chromato-
graphic peaks of 2y = 5 ad greater which
are charneterizties of toxie ~anples, Varions
batehes of Merck  alumine nsed for this
work were found 1o vary in activity from

6

R .‘

(c)
RASIO

R =18
A
A
40
minutes
Fig. 1—Microcoulametric gas chromatograms of olumina fraction 3 isolated from toxic batch still distitlates
obtained from 3 manufocturers of commercial fotty acids. The fracti were isolated from (o) § g,

(b) 5 g, and <) 20 g of fat.
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Brockmann aetivity [ to activity 11 Aetiv-
ities were detrrined by ohserving the rate
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of travel of solutions ol specific pairs of 1470
dves (13, 14). L sinig netivity 1 alununa, wn-
saponifiable matter from {uxic fat or from
toxie fat added to ISP ecottonseed il was
cluted from the columns =0 that the charae-
teristic slow-cluting peaks were found in gas
chromatograms of alumina fraction 3. With
activity 11 alumina, {hese peaks were foumd
in cliromatogriuns of slumina fraction 2.

Generally, the aluming wsed in this work
was not standardized: it required gas chro-
matographic apalysis of alumina fractions 2
and 3. Standardization  of the alumina
hould permit elution of the slow-eluting
compounds= in one fruction, redueing the
pumber of samples required for gas chroma-
tography. For example, Merck alumina
heated 4% hours at 200°C had a Brockmann
activity 1, and all the slow-elting pedks
from several toxie [t oxamined were found
in chromatograms of fraction 3. Work ix
continuing on A proredure for standardizing
alumina in a simple and reproducible man-
ner.

Column  dimensions also were found te
aficet the elution of characteristic substances
from toxic futs. When activity T almnina
was used, these substanees were clired In
fraction 3 from a 25 X 300 mm column,
wherens they eluted in fraction 2 from a
30 % 300 m column.

Effect of Column Temperature end Flow
Rate on Gas Chromatography of Slow-vluting
Compaonents of Toric Fats—Studyving the
gas chromatographie behavior of chlorinated
pestichles. Barke “and Johnson (15) found
that varving the cojumn temperatiure andsor
The carpier mas tlow rate resulterd in varie-
tions of velative retention times of the pesti-
cides. Similar variations in relative retention
times were aheervesl with the Jow-eluting
cotponents ok vonie fats, oy vabies hows
ever, were afieered more b varicong i
remperntire than in flow rate, N tone snh-
aauee i=olatedd Trom triokin o had the
following £y valnes ar G 250 sl
252 (7 ah, 44, Al E T An anmetive -
logue isciated from the ample Ld the 1ol
Jowing £t values at the-c temperaturest 9,
0, and TN

JOURNAL OF THE LO0ALC. (Vel. 46, No. 3, 1963

Boeause of the design of the micracoulo-
metrie gas chiromatograph used for this work,
whereby oven temperatures are controlled
only by a variable {ransformer, line voltage
fluetuations result in continuous variation of
columi temperature. A variation of = 1°C
within a 1= hour periad is the best stability
to be expeeted. Even with these variation.,
however, thie instrument is suitable for ..
tection of slow-cluting materials in  toxic
fats becanse of the large difference in ve-
tention times between these slow-elutite
materials and the chlorinated pesticides and
other fast-cluting chlorinated  material
found in all fats examined.

Analysis of Bioassay Collaborative Sar.-
ples—A recent collaborative study of the
AOAC Dbioassay method for detection of
chick edema disease (12) indicated that the
lower limit of sensitivity wag obtained with
« test sample containing 1.56% of a toxie
fat in USDP cottonseed oil. One hundred g
portions of this sample, the toxic fat, and
the original cottonseed ol were analvzed.
Extracted unsaponifiables were chromato-
graphed on 50 g alumina as deseribed above,
and the 37 and 25% cthyl ether cluates
(fractions. 2 and 3) were gas chrotnato-
graphed. Chromatograms of fraction 2 irom
the ecottonseed oil without and with added
toxie fat are shown in Figs. 2 and 3, respec-
tively. Peaks with R, values greater than
15, including the R, = 6 and Ry, = 10
peaks, are due to the toxie fat. A chroma-
togram of almina fraction @ from 100 g of
test sumple containing 078¢ toxie fat in

Table 3. Anulysis of USP cottonseed ofl

containing various levels of added toxic fats

microcoulometric gas chromatography. of
alumina fraction 2

Dise Integrator Responae
(No. ul Pen Strokes)

Tosie Fat Added, ¢ Ry =6 Ry =10
{1.00 0 0
078 | 6 2
1.56 : 4 6
3.4 - 32 13
1.68 " T R P
.M ‘ 47 i 28
]

’
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" I
5 Ry=1.25
i (a) (b)
et
J L V'l l 3. A A A
. 2 4 0 2 4 6 8 10
minutes
Fig. 2—Microcoulometric gos chrometograms of (a) aldrin standard (1 #g), and (b) alumina fraction 2 from
USP cottonseed oil without added toxic fat.

40

minutes
= Fig. 3—Microcoulometric gos chromatogram of alumino fraction 2 from USP cottonseed oil containing 1.56%

toxic fat.
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the USP cottonseed oil i shown in Fig. 4.
The R,y = 6 aml 2, = 10 peaks can still
be definitely deteeted at this level of toxie
fat, which was half of that found to be at
the lower limit of detcetion of the AQAC
bioassay.

Samples of USE cottonseed o0il containing
various levels of added toxie fat up to 6.2:4
were analyzed. The dise infegrator response
of the B, = 6 and £y = 10 peaks are shown
in Table 3. The integrator response (num-
ber of pen =trokes) is approximately propor-
tional to the level of added toxie fat in the
cottonseed o1l. Each stroke is equivalent to
about 0.05 g of organice halogen.

Analysis of Commereial Oleic and Stearic
Acids and Derivatives.—Twelve food grade
oleie acids were examined by the ehiromato-
graphie method. The examination of 4 of
these samples for chick edemia toxicity was
reported carlier (9). Gas ehromatograms of
abumina fractions from a nontoxic and a toxie
acid are shown in Figs, 5 and 6, respeetively.
Chromatographie peaks of Ry = 6 and
greater from the 1oxie =ample are hown in
Fig. 6. These peaks were present in alumina
fractions 2 and 3. The “peak”™ with By = 6

JOURNAL uF TIPE A.04.c. (Vol. 46, No. 3, 1963)

in the chromatogram fromn ahunina frace-
tion 1 i< helieved to be an artifact due to
overlowding of the coulometer.

Results of unalysis of the 12 oleic acids,
compared with the chick bioassay using
special basal ration (2), are shown in Table
6. Hydroperieardium activity, the primary
index of the presence of chick edema fie.
tor, was estimated as deseribed by Fire.
stone and co-workers (9). Six samples were
positive by hoth the biossay and chromato.
graphic methods. One sample (No. 9) wys
negative by the regular bioassay when i}
at the usual level of 165 in the diet. Hopv.
ever, a positive response was obtained wiy
extracted unsaponifiable matter was fed .
2 level equivalent to 6 times that present iy
the normal test diet. '

Sample 10 was negative by the chick
hioassay, but gave a weak positive response
by the chromatographic method. A small
chromatographic peak with By, = 10 was
obtained from alumina fraction 2. In com-
piring bieassay aetivity and peak areas of
slow-eluting components of the other toxie
oleie aeids, it would be expected that the
level of chick edema faetor in sample 10

{b)

=
3
{0}
!
. | .
1

minules

B NN

Fig. 4—Microcoulometric gas chromotograms of (a) oldrin standard (1 ag), and (b) USP comonseed oil
containing 0.78% toxic fat. Also shown are disc integrator pen strokes.
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- Ryl te)
'l 4 A A 'y A A A
i (b)
™ Lf\ 'y ' A i " 4 n
(a)
. [ A A 1 ) A A A
10 20 30 40
minutes
. Fig. 5—Microcoulometric gas chromatograms of (o) alumina fraction 1, (b) olumina fraction 2, and (¢) elu-
mina fraction 3 from a non-toxic commerciol oleic acid. )
(c)
R =7
A
el —
{b)
i A A

pr—

i i

10 20 30 40

' minutes
Fig. &—Microcoulometric gas chromatograms of (o) alumina froction 1, (b) alumina fraction 2, ond ole
mina fraction 3 from a toxic commercial oleic acid.
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"able 6, Analysis of commercial oleie acids

Bionasay
Hlydropericardium
Sampde No. Agtivity W Ka
1 +0.2
3 +3
3 +0.3
4 +0.1
5 +0.2
8 —
T ——
N -
i +0.1
10 | .-
11 t —
12 : .
i

throwatogiaphic Anilysis, Relative Peak Area (Integrator Strokese)

= -6 Ra = 9-10 Ra = 1518
74 150 )

340 €N 8
98 196 104

118 156 9
46 88 14
106 105 25

0.6

s Iach stroke is equivalent to abaut 0,05 ug organic halogen. . .
s {"naaponifinble matter fed at 8 levpl equivalent to G (imes that present in the normal test diet.

might be below that detectable by the bio-
assay,

In comparing hydropericardium activity
amd gas chromatographic respousc (relative
peak area), no parailel relationship  was
found hetween the hioassay response of the
toxie oleic acids and the chromatographic
response. Tt chomld he emphiasized, however,
that the slow-eluting compounds i toxie
samples represent hoth toxie and relatively
nontoxie materials, and most of the mas
chromatographic tesponse is probably due
to relatively nontoxic suhstanees, Neverthe-
lpsg, mirroconlomerric gas chromatographic
detection of Sow-eluting compounds appears
1o be an effective screening tool for segregat-
ing questionable <aples and diveriing them
to nonedible nses or for mrther fe-ting by
bioas=uy.

The en~ ehromatographic response of the
R, = % peak present at widelv different
Jevels in 2 oleie acids wos eheeked by anuly-
< of individual somples on ddifferent days,
u=ing different gus chromategraphic ealnmns
for each pin. Results re showii in Table 7.
Sauple 1 enntained o low level of material

responsible for the Byo=: 4 penk. The differ- -

rees i ANeEEor Tesponse are due both to
vagintion in eonjoweter response and to in-
aeenraeies of dise megrator Tesponse low
halomen levels, The birger nimounts of nite-
riad in ~ample 2 respunsihle for the By = 9
prak were Qiarribmted i aluming fraenons

2 and 3 to varying extents depending upon
the alumina activity. The total integrator
response {rom both alumina fractions ‘was
fairly constant, however, varying from 134
10 160 integrator pen strokes.

In addition fo the oleic acids, a number
of derivatives of oleic acid (triolein, glveerol
monanleate, ete.) were analyzed. Nine of
ten samples were negative by both the bio-
assay and  chromatographie analysis. One
toxie sample, a triolein, gave gas chromato-
grams with peaks of K, = 6, 10, and 19,

Ten stearie acids and derivatives examined
wore negative hy the bioassay and chromato-
graphic method.

Analysis of Animal and Vegetable Fats
amd Commereinl Vegetable Ol Fatty Acids~-
Yitteen nnimal and vegetable fats were ex-
amined. Three toxie animal tallows were
positive by the chromatographic methed.

Table 7. Response® of R4 = 9 peak
from 2 oleic acids

Sample 1 Barwmple 2

Run + Frae-  Frae- Feac- Frac-

No, | tion2  tion3 tion 2 tion 3 Total
102 a 20 116 136
2 (L8 n W 18 144
3 0.6 0 168 0.3 ; 169

5.0 0 100 0] ;130

a Plise integrator respotise in nuinber of dise integrator

joen strokes,
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(b)

(o)

10 20

30 40

minutes

Fig. F-Microcoviometric gus chromatograms of (@) clumina fraction 2, and (b) clumina fraction 3 from a
growth-depressing cottonseed oil which did not produce chick edema disease.

Ten vegetable fats (including cottonseed oil.
corn oil, peanut oil, saflower oil, and =oy-
bean oil) were examined, and were nega-
tive by the bioassay and chromatographic
method. Chromatograms from several of the
vegetable oils showed broad bands with no
definite peaks. Chromatograms of alnmina
fractions 2 and 3 from one of these samples,
a USP cottonseed oil, are shown in Fig. 7.
The broad band in chromatogram () is
typical of that found in the other oils, This
sample depressed the growth of young ehick-
ens, but did not produce symptoms of chick
edema disease. The broad band in chroma-
togram (a) with a maximum at 8.4 i~ not
characteristic of a toxic fat. No additional
work has been done to identify the ~ub-
stances causing these broad bands.

Twelve commereial vegetable ol fatty
acids, nontoxie by the chick edema hioas=ay,
were examined. These samples  ineluded
fatty acids from coconut, cottonseed, coru,
pabin, soybean, and tall oils. Fleven of the
samples were wvegative by the chromito-

graphic methad, but one of the ~amples (o0

afg

) Yartzotl, AL Fovsone, 1), Banes, D
Horwirze W, Frediam, L, and Neshein,
S Am 0l Chemis's’ Soe, 38, 60
. CH61).
173 Woorton, J. C.o Artman, N R, and Aex-
ander, X, Co, This dowrenal, 48, 7389 (116G2).
8) Awmes, 8. R. Swanson, W, b, Ludwig, M.
1. and Brokaw, G, Y., J. Ane 041 Clom-
st Soe 37,4 (100 (18960).
(9 Firestone, D, Horwitz, W, Friedman, L.,
and Shue, G, M, ibid., 38, 418 (1961).
MY Douglas<. C. DLoand Flick, D, V. Thas
.’Uvu‘lil?{, 44. 4"".’ ’1“("1).
(11) “Chunpges i Moethod=™ hil, 44, 146
(1061).

tull oil fatty acid) gave a small chromato-
graphic peak with R, = 3, indicative of a
toxic sumple. :
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*Methods of Analysis for Tall Oil Products - . /% " .
'\ RICEHARD HERRLINGER, Arizona Chemical Company, Panama City, Florida e . ‘-?»'* ) " ' '

:+ py4 HE TALL OIL INDUSTRY in the United States has
~ 1% grown at a phenomenal rate during the past 10
« -\ years. Highly refined products are now being
** produced from tall oil, such as very light-colored

+ fatly acids, substantially free from rosin acids and

‘4 rosin. substantially free from fatty acids. Manufac-
~!‘turers -of paint, varnish, soap, detergents, linoleum,
#and: paper have adopted these products as raw ma-
/7 terials ‘and depend on their quality and uniformity.
*i It is. therefore not surprising that, in the United
. *States, considerable attention has been given to, and
754 1ot of work has been done on the development of
. »suitable methods of analysis for these produets.
Most. of this work was carried out in laboratories
.+ of producers and users of tall oil produects in col-
.. Iaborative tests under the auspices of the American
- Suclety for Testing Materials (Committee D-17) with
the :support of the Tall Oil Division of the Pulp
"~ Chemical Association. Some methods developed by
* comumittees of the American Qil Chemists’ Society
{ ~for the analysis of fatty acids have also found appli-
} “eation for tall oil fatty acids. It is the purpose of this
i~ .paper to give a short review of some of the A.S.T.M.
" work and to discuss present methods for the analysis
. of tall oil products in gencral.

Tall Oil and Tall Qil
Fatty Acids

E, Analytical values which are often or oceasionally
determined on crude tall oil, acid-refined tall oil,
distilled tall oil, and tall oil fatty acids are as follows:

Chemical Falues. Acid number, saponifiention number, rosin
teids, fatty meids, unsaponifiables, polyunsaturated fatty aeids
{tconjugated and total linoleic neid), suturated fatty neids, oleic
b weid,*and lodine value.

Physical Values. Color, moisture, specific gravity, refractive
.inde®, viscosity, flash point, pour-point, cloud-point, and titer.

Values for typical tall oil products in the United
 States ave given in Table 1.

Acid - values and saponification values are deter-
mined accotding to the time-honored methods of the
ol and fat chemists. Methanol is universally used as
# solvent and methanolic KOIT as titrant. While
potentiometric titration is specified in the referee
“methods of the A.S.T.M, the use of thymol blue or
} phenolphthalein as indicator is popular in many labo-
ratories because of speed or convenience.

The determination of rosin acids is more compli-
catell and has a loug history of development. The first
to slve this problem was Twitchell (1). By bubbling

i
¢
.
1
'

.y .

e € me

L ¢ e . '
hydrochloric acid gas through solutions 8f rosin and .
fatty acids in alcohol, he made use of their different - -
esterification rates and was able to convert the fatty
acids into their respective esters while the rosin re-
mained unesterified and could be titrated, This prin-
ciple of selective esterification is still the basis of all
present methods, which in the meantime have under-°
gone many changes to make them simpler and faster. -
Wolft (2) in 1910 introdnced the use of sulfuric acid - -
as an esterification catalyst. There were & number of °
investigations in Germany, Bweden, and’the US.A,,
which contributed to methods of rosin acids determi-
nation. While in Europe the slower gravimetric meth-
ods, in’ which the fatty acid esters are isolated and -
weighed, became standards of the industry? in the -
U. 8. emphasis was placed on simple manipulation
and speed. A simple and fast modificition of the
Wolff method was developed by Hastings and Pollak
and published in 1939 (8). .It consisted in refluxing
a sample of tall oil in methanol in the ‘presence of
sulfuric acid for 2 min., cooling, and titrating the
unesterified rosin acids by using a thymol blue indi-
cator. This indicator, becanse of its two color changes,
allows measurement of the rosin acid aside from the
mineral acid in one titration. The AS.T.M. adopted
this method and added potentiometric titration, which
eliminates difficulties in Qetermining the.end-points,
particularly in such dark-colored products as erude
tall oil (4). e '

The MeNicoll method (5), which uses' naphthalene
sulfonic acid as a catalyst and titrates unesterified
rosin acids with phenolphthalein as indioitor, against
a blank was first employed for the determination of
rosin in soap. It too became an A.S.T.M. method for
tall oil. .

By 1953 experience in our own laboratory and in-
vestigations by Sprengling (6) and Hezel (7) indi-
cated that the reflux time of 2 min.. for the Wolft
Method was too short. We decided to determine the
reflux times necessary for rosin “acid mixtures of- 30

. to 50%, corresponding to the erude and refined tall

oil products of commerce. The mixtures were pre-
pared from rosin-free distilled soybean fatty acids
and from tall oil rosin acids repeatedly recrystallized

from methanol. A Beckman Model K automatic titra-
“tor was used. To determine the end-points which

would give the most accurate results in connection
with antomatie titrators, potentiometric titration
curves were first plotted with 10 different commereinl
ernde tall oils, four distilled tall oils. and two acid-

! & ; . ‘
. : TARLE I . ‘
b0 Analysia Values of Typical U. 8. Tall Oil Products L. Cy W
o S : . . Specific | | Refractive
Y . Produet Acid Sap Rosin 1 gasap. Fatty Color, T gravity .
PR No. No. acids . P acids Gnrdnerv 25:/2;3“0. iz’:,"a:;
Crude’ tall oit o % % % ' . " b
Low rosin 170 174 40.0 6.9 52.5 17 |7 o0s60 " 1.5080
 High rosia 168 172 49.0 7.1 - 43.1 18 . 0.978 1.5100
4 Distilled talt oil "190 194 29.0 1.2 69.8 T+ 0.947 - “1.4R60
J Acid refined tall oil : 160 173 0.0 5.8 53.1 8 - 0930 15025
»1 Tall oil fatty avids 192 194 4.0 4.0 02.0 ke 0.901 . L4710
A T : . 168 107 1.8 1.5 97.2 5+ 0.500 * 14670
D B o 198 199 0.4 0.4 . 99.2 . ¥ - | ! oser - 1.4845
1 Istt oil heads.. 172 177 0.5 15 844 | . 124 0.905 ‘1.4754
Tall oil rosin...... 163 176 84 4.0 2.0 Wirs 1.060, » J e e—
Talt oil piteh.......; -y 53 115 a0 22 80 17 1.005- - —
*Includes rosin gsters and anhydrides. ®U. S..rosin color standards. ' ¢ 109 solution ln benzene. B R
' [N i . . . . R g -
.. ' '.’ . ]1” ) . LN - ¥ » \ } -8 >
1 i ) e S e A o
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: rcﬁned tall,o 18.( qures 1 and 2) The reaults show
.. inflection points of pH 4 and 10.5 for either crude tall
-0il, dxstllled tall oil, or acid-refined tall oil. With
w *_ most tall oil" products titration to definite end-points
S satxsfactory, and interpretation of individual titra-
tion curves is uot necessary. It was found. that a
" 15- to. 30-min. esterification time is neccessary with
mmtures cbntammn between 30 to 50% rosin acids.
The tests were ropeated and confirmed in a collabora-
tive testmg program by members of A.S.T.M. in 1954.
* As a result of this work the Wolff method was changed
~ to the present{ A.S.T.M. D 803-55T, which spemﬁes a
" 30-min, reflux time and allows the use of an automatic
titrator-with pH ¢ and 10.5 ‘end-points as an alternate
+ to plomug a titration-curve. ¢ :
.* -One of tie greatest challenges to the tall 0il chemist
. was to provide an accurate enough method for the
i detcrmmatlon of the small percentages of rosin acids
. " in the highly fractionated tall oil fatty acids produced
_.in- modern ‘distillation plants. The IIex-rhnger-Com~
& peau method- (8) solved this problem by using a rela-
. ‘tively largeisample of fatty acid (40 g.), refluxing it
. .in methanol in the presence of sulfuric acid, cooling,
adding etheér, extracting the mineral acid with salt
solution, and titrating the remaining unreacted rosin
acids dissolved in the ether. This method was adopted
by the A.S.T.M. for the determination of rosin acids
in fatty acids and is now A.8.T.M. D-1240-54.

The testing of this method by the A.S.T.M. in 1951
is one of the best examples of the type of collaborative
work carried out by its members. Samples of fatty

. acids containing 0 to 15% resin acids were sent to 19
Iaboratories, including those of producers and users
. of tall oil products, government laboratories, com.

mercial testing ]dboratorles, and research mstxtut:ou; $
With the e\ceptlon of one laboratory none had pre-.

A"'v‘,bh" 'i;"'"f"‘."‘r W u—wwwu&ir. . vv A

vious experience with this method. R j'
TABLE I J} -
Results of Collaborative Test of Herrlinger-Compeau )Ittbnd
ABTM. Rasin acids content of samples™ °» { .
member
laboratory 0.00 1.00 8.00 . 600 10.00. « M
Rosin acids found. =~ " -
| 6.02 1.03  -8.03 8.03: _0.05 . . 114,
0.04 1.00 2.99 8.00 ~ 0.88 T
| 0.03 1.06 2,09 6.08 .85 .
0.01 0.00 2,94 399 - 988 Sk
0.38 1.16 3.18 6.27 084 " L4y
0.43 1.28 8.79 537 ~ 4.9 .
0.09 1.08 8.07 8.00 10.70 .8
nil 0.96 2.00 - 8§99 . 9.83 Y Lisy
0.01 0.81 3.09 8.09 .04 181
0.076 1.02 . 3.08 6.80 107 . 3
— 0.8L 308  6.03 1015 '~ I8gy £
0.00 0h3 - 207 5.98 9.94 - - -
0.143 1.08 3.15 6.18 9.78 ™
0.21 0.99 3.07 - 6.06 - 9.83. .
0.25 1.18 3.30 6.23 10.12
0.04 1.29 2.94 5.81 9.98..,
0.02 0.98 2097 .- 898 . o83
0.02 1.06 3.03 6.06 10.08
0.14 1.00 2.93 5.92 9.94

The results of the collaborative tests are giv
- Table II. They can be summarized as tolluws-‘
Samples tested ..
Number of collabomtive Jaboratories..........”
Rosin 8¢ids rangeu. e ceoenensreressiscense:

sesessearavetnratsteran

..... wsesussbasaransady

23

¥

%\;

Determinations " Aecuraey
Number Percentage Rosin acids content
76 67 *+0.1%
19 17 *+0.2%
9 8 +03%
RN
R I
%
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i' 5 . TABLE II1I . . o R
.~ ~I “n A.8.T3. Methods for Determination of Rosin Acids ’ e ¥ L R
o, . «Application
» Ran, :
"‘ i -+ Method Principle of method rui? “Tall Fatty
g nc_ldl ot .e.“h‘ : Rosin -

e s 3 o [

g AN . % =ra o}

’ \sum . D 803-55T Methanol, sulfuric acid, 30-min. reflux 15-55 .| + X U i U -
1§, Wole.lL. — Methinnol, sulfuric seid, 5-min. reflux 55-100 —_— ——— N
F ¢+ Linder P . — Butanol, sulfuric acid, szevtropic removal R SR R
| Coaoor . of water 0-~100 X . X i =X

{lreclinger-Comp D1240-54 Methano!, sulfuric acid, 40-g. sam e ex- R L

o traction of sulfuric acid before titration 0~15 . S - -X § -

M Nieoll D 803-55T Methano! naphthalein sulfonic acid 15~55 X ! e : —
e 3 :wA.8.T.). designation to be lasued. - E i

e 5§A new method for the determination of rosin acids
A gpplicable over the whole range of rosin content from
 (all oil fatty acids to tall oil rosin is the revised Linder
- Persson Method (9). The sample is esterified with
§ " butyl alcohol in the presence of benzene. and sulfuric
a:cid,_ +The water formed during the esterification is
£ rremoved by azeotropic distillation and collected in a
" specially constructed moisture trap. After titvation,
ysing-either a thymol blue or phenolphthalein indi-
ﬁ' eator,“a correetion factor is applied to the result.
B the U. S. this method is being tried with good
© fesults by a few people for tall oil produets. It has
been tested by the A.S.T.M. in counection with the
t- determination of fatty acids in rosin and found to
give'reSlllts-equivaleut to the Wolft method. Since
i is claimed that the Linder Persson method has the
advantage of applicability to produets with widely
varying rosin content, it will undoubtedly be fur-
ther investigated by the AS.T.M. A summary of the
AST.M. Methods for rosin acids determination is
given in Table [IL.
* The- method which is used for the determination

NN

of unsaponifiables in tall oil and 'tall'oi‘lj fatty acids,

A.S.T.M. D 803-55T, has been carefully worked out

over the years by the members of A.ST.3L It consists
of refluxing a 5-g. sample in-15 ml.*of 2N aleoholic
potassium hydroxide for 1.5 hrs., followed by extrac-
tion of the unsaponifiables from the goap splution with
ether by using conventional separatory Yunnels. The
conditions for dilution, extraction and isolation of
the unsaponified matter are critical for obtaining re-
producible results. The higher alkali eoncentration
assures complete saponification of -the rosin esters
present, and the small volume of the aleoholic alkah
eliminates the need for alcohol removal prior to ex-
traction. For removal of the soap the.ether extract

is washed with gradually increasing quantities of

water. This prevents the formation of emulsions.
After weighing, the unsaponifiables are dissolved in
isopropyl alcohol and titrated with alkali to’ correct
for rosin carried over through hydrolysis of the
rosin soap. Collaborative work was carried out by
A.S.T.M. members from 1952 to 1954 to bring thix
method to its present form and to adopt:it as an alter-
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£ Ya. nate. method :for the.: analysis: of unsapomfiables in’ termmed \mh a Helhge color comparator and ‘the - ¢
. rroOsin, R R S .. Qardner Varnish scale. This has so far been the most &
A \Ionture is-determined by azeotropu, dhtlllatwn of - satisfactory method even for the. extremely. "pale: col " l'
“a large sample with-xylene and collection of the water - ored tall oil fatty acids. The determination of colorf,_;_-i'i_
“ngin the Dean-Stark Trap, Only crude tall oils contain by using the Lovibond Secale has not found adoptlofx ; 27.’
- moisture.«. Distilled and refined products are dry.” ~ . among users and producers of tall oil produets.’ The N
- . The fatty acid -eontent of erude tall oil, dmtllied - reason is that the method is cumbersome; and the color_:l“’
tall oil, acid-refined -tall, ml and tall oil fatty acids is . _standards are expensive to maintain. However there: “,
“‘“‘caloulated from. the dntference between 100 and the —"is room for an improved method, -particular}y®fof*:
"3 sum of rosin. acids, unmpomﬁables and moisture. - = the determination of very light LOIOI‘B wheére -2 more .
- Thu. is'in contrast'to the determiunation of fatty acids . discriminating method is needed Speutrophotomemq 3
“ede in rosin,s w hlch is calculated from the acxd number . measurement “of color promises to eliminate the humau e
.. and the rosin’ acids content.. ' ., -factor of visual déterminations. A commxttee of he & E
5 *- Individyal fatty acid’ constxtuents are’ qmte often = - A.0.C.S.is working on this problem, -~ .. .« 5y
* evsdetermined to furiish’ .product specification data and - Specific gravity is important for “exght-per-f'allo:j u;:“
‘. .~to judge the effect of operational variables and sea- - information needed for shipping and storage. .Vis..
_sonal changed in the raw material. These are conju- ° cosity and flash-point are usually given'in a typxcal
+ gated, noncon;ugated ‘and total polyunsaturated fatty - analysis for customers’ information. = .~
‘acids (whigh ‘are usially expressed as linoleic acid), - Refractive index is one of the most useful values
“oleic-acid,and saturated acids (mainly palmitic acid)..  for production control in tall oil refining :plaats.’ lt‘
) “ “'Phe -deternjjuations can 'be carried out directly on  takes less than one minute to run a refractive index;. 5"
k ‘highly xefined -tall:'oil fatty -acids.if they are low in . yet the value obtained is highly significant in.judging
both . uusapomﬁables ‘and rosin.. On produets with quality changes in the finished and intermediate prod;.. "' ‘
.. higher_ rosin dnd unsapomﬁable content and for most  wets. The refractive index of a speecific product is inl ;:.
.+ . accurate, results, the fatty acids must first be isolated. ‘fluenced mainly by the rosin and the unsaponifiable§. ‘1.
x "1‘0 separate the fatty acids’'a sample is esterified with * content and to a minor degree by the compositioy -
* methano] and; thg -rosiu is ‘extracted with alkali. The - . of the fatty acids. While the relationship between -
o kGSter is saponified, and the unsaponifiables are re- " refractive index and composition varies from producy .}
fmoved by extraction with ethér. The fatty acids are to product, as well as for the same product made af.’ i
- then liberated: from the remaining soap solution, taken . different times, it can nevertheless be used to deter:
B ‘up in ether, was,hed aud-free‘ and dried. . " mine changes in the rosin and unsaponifiable’ conteny
Couauwatc d and ‘nonconjugated polyunsaturated  of still products by using factors determined fropt 1
futty acids - m? determined according to. the modi- time to time by actual chemxcal tests. For emmplet N
. fied Brice and \Swain. ultmvzolet spectrophotometrlc © * the total of the rosin acids and unsaponifiable content -
¢ ‘method A.0/C.S: L12a-55:and Cd 7-48, using a. can be determined by refractive index; using: the

~Beckman Model DU quartz spectr ophotometer This latest factor for the product in question. Then it thi -
. -*method. is based .on “the measurement of conjugated . rosin acids content is known (f.e., recently- determined "~ ;7
linoleic acid, by ultravmlet absorption before and after - by chemical analy: sis) the uusapomﬁable content cau{ ‘x
".‘, isomerization ‘of the sample by-heating with a glycol be caleulated by the dnffcxence, or, if the umapomfi' ‘
” v or glyeerol sodiuin hydroxide solution, which converts  able content is known, the rosin acids can be- caleyy €18
the nonconjugated linoleic acid to the con;un‘ated type. . lated. A typical curve showing the relatlonshlp be1
- Since the polyunsaturated aecids consist mainly of di-  tween the refractive index and the total for' rosi i
- enoic acids with less than 1% of trienoic acids and no acids and unsaponifiables during a certam productmﬁf é
acids of high¢p/unsaturation, readings are taken at period is shown in Figure 3. .
- wavelengthg of 233, 262, 268, and 274 mpu only. Pour-point, cloud-point, and titer are often re-v . g 3
.. Saturated fatty acxds, whlch in tall oil fatty acids quested by customers who are concerned with® the: :
. consist mainly vof palmitic acid, are determined ac- storing qualities of tall oil and tall oil fatty acids}
' cording to-the lead salt method A.0.C.S. Cd 6-38. - . Unfortunately none of these values can be accurately H
Since rosin 1spalso precipitated, a correction for the determined in tall oil produets, or, if determined; thef -
‘ ( rosin content :of the sample must be applied. With  data are of no value in judging the behavior. of thei
. certain products the lead’ salts ‘do not czystalhze products on storage. There are two constituents in tzﬂ!L
. »readily.” A method. which_is, sometimes better but is ~  oil and tall oil fatty acids which at low temperature 5
also subject: tora lot of complications is the separation + can crystallize and settle from solution. One'is rosm,iﬂ
Jof the solid a¢ids.by low-temperature crystallization which readily forms supersaturated solutions:’ 'I‘hcsoa,".
‘ / from'a methanol-water mixture. The determination may remain liquid for days and then unpredmtablv
: «of pahmtxc acxd'cau also -be carried out by a quanti- set up solid even at room temperature.. \chther ‘thel
tative fraetlonal distillation. of the methyl esters. - pour- -point nor the txter would detect supersatmatlon .
*.None of these’ methadq is very satisfactory. Tt is The other constituent is palmitic acid. It comes out} Les
- expected tl_xatf, vapor chromaronraphlc separation of more readily on cooling, first as a fine cloud- andz k3
*the methyl esters will not only allow an accurate finally settling out as a bottom layer after 2448 hm’* [$4
determination? of palimitic aeid but also the direct A titer test which is determined by the heat of cx-ys- A
determination.of oleic acid, linoleic acid, and higher . tallization of the solid acid, in this case palmitic acid? £
molecular saturated and unsaturated fatty acids. will not show up unless the concentration of the solids - 3
Oleic acid is, at present, determined as the difference acid is high enough. Most dQistilled tall oils and tal!‘
between the total fatty acids and the sum of satu- oil fatty acids contain less than 36 of palmitic acid.i
rated and polyunsaturated fatty acids. a concentration too low to give a 11(mceable exotherni’, .5
As with most refined products, colm has become an . on cooling of the sample. The cloud-point will *varvg i',,
important . cnt:ermu of quality. It is at present de- - and not tell the story either. The most relxable test, &
e U .. ‘: . ;I.;’ » ‘g ;E’T;
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Acid number and saponification number are car-

" ried gut:aceording to A.S.T.M. D 465-51 and A.S.T.M.

D 464-51, respectively. Referee methods use potenti-
ometrie titration, and the alternate indicator methods
use pheholphthalein as an indicator. Solvents are
ethyl, or ‘methyl alcohol with the addition of some
benzene, to effect a clear solution. The acid number
is perhaps the most important eriterion for rosin
quality. Tt is a measure of the acid equivalents avail-
able for chemical reactions and indicates whether the
rosin! has been subjected to heat treatment or other
modification such as neutralization.

Since tall oil rosin is scparated from fatty acids
by a fractional distillation process, the determination
of residual fatty acids is of great importance for the

purpose. of plant control during production to assure’

2 high _quality product. Producers regulate their
procgsses so as to obtain a clear, hard, vitreous high-
melting.-rosin containing usually less than 3% of
fatty,acids. - :

The method used for the determination of fatty
acidstin rosin had originally been developed in our

* laboratorics, - Its principle is to calculate the fatty

v
b PR 1< tr
s L :
L 4’
T, o
L . x

acids; content from the difference between the_total

e

laboratories with tall oil. rosin, comparing~the re- -

vised continuous-extraction method with the separa-

tory funnel method, Method D 1065-56, Methods A

and B, are shown in Table IV, =~ ., % .
The method for ash is A.S.T.M..D 1063-31 and for

iron, A.S.T.M. D-1064-31. Neither method’is used

often on tall oil rosin. Since tall oil rosin is made by
distillation, it should be very low in both ash and
iron unless iron is picked up from the still; which
then indicates the existence of a serious:corrosion
problem for the producer. R

A ] v pe

3 .—‘l. ‘ .
TABLE IV Caw L d
Results of A.8.T.M. Collaborative Tests of Method for
e Unseponifiables in Rosin s
) . Results with tali oil rosin
ARBIFS..coccnnirionsinnnas A | 2 3 - 4 s 8 7 .8
3.3 84 35 ‘34 34, .38 35 34
Method Aveneccsssccmseoned 33 33 33 84 35387 36 34
33 34 B8535 38 = —
© - |38 87 3731 34 '3.60 .38 . 18
Method B.uvveeresensseriond 37 86 3T 32 .34 vBT 86 87
3.7 3.7 8.7. 3.4 .
. Method A. Separatory funnel method. * » I *
Methold B, Continuous extraction method, = . ¢ ™ = 3
R N e AR
L N =

??'r' 'f-i ' -.‘ - = '\": e ‘ . B
¢ ;mucé"ls'.').s , _HernLiNaer: METHODS OF ANALYSIS FOR Tawt OiL Provucrs’. ,“,' sneo-128 T
D FE . . N B -
) m::e:':.;‘ L acidity of the sample, determined as acid number, and E
" 9 yopmemres the acidity contributed by the rosin acids, determined A
T BT either according to & modified Wolff method or the -
G Linder Persson method. Since the fatty acids remain- -
S I A ing in tall oil rosin consist of oleic acid and higher *°
.. e molecular fatty acids of varying compositions, it has ,
ERLL ot SRTPUNS become customary to compute and report the fatty ',
SR N S acids content as oleic acid. : W o
" b The A.S.T.M. has recently carried out a :go‘llabom- el
é tive testing program on modifications of this method, #
o which are now in the process of being adopted as 2
- standards. A short outline of the method is as follows:
t . 0 a) Determine the acid number of the rosin; . rev- s L
. b) determine rosin acids by using either a Wolff .méthod with ..  ..:
i3 ese 5 min. of reflux time or the Linder Persson method; _ e
A 'M ¢) calculate fatty acids content from acid number and rosin~ ‘- M
L ‘ E L . acids content as follows: ., =~ = =7l e S,
B . " b B : . — G hdg " .
. e Y. 3.8 5. : '} : 2 1Io' 1'1 1lz 1|3 TN Fatty acid 96 = AN, .'(N RAXL%”,'“- Lo T
. i » “ *', Percemt’ Rosin Atids plus Unsapanifisbles (as oleic acid) N 1°986 ' '. $ Lk D [
t+  Fic. 3.. Refractive index vs. rosin acids and unsaponifiables. where B N S .
AR AN =acid number - *° ¢ - b .
T T . .
. for storage behavior is to place the sample in a refrig- . RA =rosinacids L e B S
” eratof at the desired temperature for testing, shaking, There are two methods for the- determination-of ™, _ -
- and examining daily for several days. unsaponifiables in rosin, A.8.T.M. D 1065-56, Meth- o
-+ Anbther test which is not suitable for tall oil and ods A and B. Method A is a continuouns-extraction T
“ tall oll_fatty acids is the Iodine Number. While this method ; Method B, a separatory funnel method iden. ‘
value;is.of considerable significance in judging the tical to A.S.T.M. D 803-55T for tall oil. For some time
' unsaturated fatty acid content of vegetable and ma- the continuous-extraction method has been)the only .
- rine bils in connection with their drying qualities, standard. Many users of rosin and private testing v
it cannot be used to judge tall oil products because laboratories did not have the continuwous-extraction
both rosim and unsaponifiables greatly influence the equipment. Tall oil producers who’entered ‘the rosin .
AT iodiné test. A better method for judging the quality field in 1950 used their funnel method for the deter-
of tall vil fatty acids in connection with drying prop- mination of unsaponifiables in tall oil. The AS.T.M.
erties; is to determine the conjugated and totul linoleic therefore decided to develop an alternmate funnel
acid content by spectrophotometric amalysis. method for rosin ivhich would give values. identical
P _ to the continuous method. The A.S.T.)M. shibcommit- -~
S SRS ‘Tall Oil Rosin : tee on rosin carried out considerable work during
Anplytical values usually or occasionally deter- %%2‘1934‘ on these methods. It was foudd. that-a
mined on tall oil rosin are the following: “higher alkali concentration (2N) during the saponi-
Chemical Values. Acid number, saponification number, rosin fication step gave more .rellthle l:elsul.ts in both me_th-
seids, fatty acids, unsaponifiables, ash, iron, abietic acid, and ods and allowed some simplification in the extraction
dehydfoabietic acid. : . method. The revised methods were tested on gum
Phygical Values. Color, hardness, optical rotation, and soften- rosin, wood rosin, and tall oil rosin. The, results c
fng pojut. . obtained by eight analysts of six A.S.T.3L. member
-
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'Abxetnc alid dehydroabxenc aexd is determined on
.. tall oil rosm*\w hich*has been subjected to some treat-
e~ ment such. as dlsproportlonatwn or dehydrogenation
. 1o produce rosin specialties. "In general, a nmodification
"1 of the method developed during World War Il by
the Rubbu‘ Reserve (10) is used. A sample is dis-

;‘« solved in either- ethanol or methanol, and its absorp-

“tiom is measured' at waveleng'ths 241, 273, 276, 279,
~and 300° m,u, usxhg' a’ Beékman Model DU quartz
bpectrophotometer. . o

Color is determmed according to A. S.T M D 509-53,
‘usuw U. 8. government rosin standards e

The hardness of tall oil rosm is a good criterion for
“Jow fatty-acid- ‘content. > It is not satisfactory for

Y. quantxtatxve déterminations but can be used with ad-

vantage ‘ds afquick test for control of still operations.
“ We adopted for this purpose a Precision Universal
AS.TA Penetrometer. The rosin is poured into a

‘ dmmeter.: T~he~ Fosin: held by the ring is cooled to

2.:1°C‘ m a Water "batb, aud the penetratlon is deter-. ’

.' ¢i£4 '1 ey A
Ipen - ‘ S L
A ST A o us* Y ¢

<tmold conmstinv of a ring % in. high and 3 in, in~

e 4

" "tive measure for fatty acid have failed because of the -

" cooling influence the rotation. L e SR ) i
The softening point of rosin is determmed ‘by tJhe,*‘zE
rmg and ball method A.S.T.M. E 28-51T BRSPS B

. .- . Summary . . : $ilE

- The prmc:pal standard methods used by the Ampi‘i-- o

mmed by using a penetrometer needle, & 150-g welgfzt
and a 10-second release time, (The rosin cnbes used .
for color determinations, suitably cooled, may also -
be used.) We have recommended this method to our
" friends, aud it is now used by several producers. of .
tall oil rosin. The needle must be replaced frequently .
to assure uniformity of results. While it is a good -
.qualitative method, all efforts to make it a quantn‘.av

: .:m'* vv:"wh"m'sw“v . Rt e w’urn«mdﬁ:ﬁﬁl

many factors that influence hardness in rosin. . - %.
Optical rotation is very useful for the control; of .
processing rosin by heat treating, dxsproportxonatwn,
and dehydrogenation. We dissolve the rosin-in' chlo. -
roform and determine its rotation in a-l-decimeter.
tube, using a2 Rudolf Model 60 Polarimeter with:a-.
sodium lainp. The results are expressed as speeific’ }:
rotation. The rotation can also be measured. on “the:
solid rosin, which is poured into a special metal and- E
glass cuvette and allowed to cool. The results are rigt "
as accurate because strains set up in the rosm dnmng*

can industry -for the analysis and ‘quality control of~ %
tall oil products have been discussed, and some of the * §:
work of the A.S.T.M. in developing these ’methods hag. -
been reviewed. S
Further growth of the tall oil- mdustry mll uu-‘ 5
doubtedly result in new products of ‘greater refire. .}
ment and wider utilization, New-aud improved methe R
ods of analysis will be required. These can be worked
out by the industry in continued collaborative. work
under the auspices of the A.S.T.M. and A.0.CS..
Undoubtedly instrumental test methods such as infra.
red and ultraviolet spectroscopy and gas chromatog- - ¢
raphy will play a role of increasing lmportanee in
the anal)sxs of tall oil products. -7 v UrE RN
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Introduction and Literature Review

The term "flotation" is used to describe the mechanical separa-

tion of mixtures of solid, finely granulated products, which are

‘obtained in an aqueous medium by addition of flotation reagents.

-,
r . i1,

The process is based on the different wetting power of the individual
components, achieved by the addition of flotation agents.

In general, flotation agents used include collecting, foaming,
and regulating agents. The collecting agents (or collectors) are
deposited (attached) on the surfaces of specific components and render
the latter hydrophobic or water-repellent. When air is blown or
mixed in, these particles then become attached or cling to the rising
bubbles and reach the turbid surface together with the latter. The
task of the foaming agents is to produce a stable foam, with which
the suspended solid particles can be removed on the turbid surface.
Addition of these reagents is also important in achieving a favorable
distribution of air in the turbid mixture. Most collectors do not
exert a selective effect on only one mineral product. In order to
achieve the removal from the foamed product of only the desired

components, definite flotation conditions must in most cases be

105
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established by adding so~called regulators. In addition, reagents
must often be added which prevent other components from rising to
the surface of the miiture. Such flotation agents are known as
Suppressors.

Both collectors and foaming agents contain a nonpolar and a
polar group in their molecule. The former group is hydrophobic and
aerophilic, while the latter group is reacgive and can be adsorbed
by the particles. It is assumed that miner;ls are concentrated with
the collector only in an extremely thin layer, whereby the polar
residue of the molecule is bound to the border surface, whereas
the nonpolar, aerophilic group ié directed outwards and exerts a
hydrophobic effect.

In scme respects, flotation reagents and detergents (synthetic
washing products) are very closely related. Frequently, it is quite
impossible to draw a difference between collectors and foaming
agents on the one hand, and washing products on the other. In the
same way as by detergents, these flotation reagents can also be
divided into anion-active, cation-active, and non-ionic compounds,
according to the active component in the molecule of the surface-
active compound.

Whereas the toxic effect of detergeﬁt—containing effluents on
fish and animal fish feed has already been described in numerous
publications (for a summary listing, see references 1, 2, and 3),
only the often very high and fishery-damaging content of turbid
products found in flotation effluents has been discussed in the

past (4).
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Results of tests aimed specifically at the toxic effect on
fish of flotation chemicals are found only in some Austrian publi-
cations, In tests with minnows (Phokinus laevis), Slanina (5) found
that no visible injuries were observed in the test animals after 7 days
when the concentration of the flotation agents was below the following
values: Flotanol 200 mg/l, fusel oil 100 mg/l, potassium amyl
xanthogenate 25 mg/l, potassium ethyl xanthogenate 6 mg/l, technical-
grade sodium sulfide 6 mg/l, and Tragol 5 mg/l. Slanina believes
that already at low concentrations of the flotation effluents there
is no direct danger for lower fauna and fish in draining ditches.

Weber (6) studied the toxic action of flotation agents used in
the production of magnesite. According to his data, 6,500 1. of water
and 3 kg each of Lipol, as collector and foaming agent, and DD95, as
"guppressor salt", is added per cubic meter of crude magnesite. The
1imit of toxicity of Lipol for rainbow trout was between 25 and
50 mg/l, based on a water temperature of 15°C. The DD95 suppressor
salt is less toxic and killed trout only at a concentration of 200 mg/l.
Whereas Lipol lost practically all of its toxicity as a result of
adsorption by the finely ground solid product, the toxicity of the
suppressor salt ﬁppeared to be only slightly reduced in this manner.
Therefore, Lipol does not present an immediate danger to trout, in
spite of its toxicity in waters located downstream from magnesite plants.
In this particular case, the suppressor salt also would not appear to
reach a concentration capable of causing the death of fish living

in such waters.
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‘Experimental Method

In studies performed so far, technical products were mostly

uged, the cdmponition of which was not reported in detail.

Frequently, only the trivial names of flotation agents were given,
In collaboration with the Research Institute for Ore Dressing of
the German Academy of Sciences in Berlin, the toxicological effeét

on fish and animal fish feed of a series of flotation reagents

_was investigated, whereby the composition and concentration of the

active ingredient of these reagents was approximately known.

(Note: We wish to thank Prof. Dr. Kirchberg for encouraging us to

perform this work and for supplying the necessary flotation reagents,)

The following anion-active, cation-active, and non-ionic reagents
were studied:
1. Anion-active flotation reagents
a. Acids: Oleic acid, p-tolyarsonic acid, tall oil
(30~-40% resin acids [abietic acid], 40-55% fatty
acids [oleic, linolic and linolenic acids], 12.5%
unsaponifiables [hydrﬁcarbons, phytosterol], 2%
petroleum ether-insoluble residue).
b. Sulfonates: Clz-alkylphenyl sulfonate (85%,
residue: NaCl, Na2804), Clo—cl6 alkyl sulfonate
(total fat content 33%, sulfonation degree 80%7),
mersol sulfonate, average cﬁain length C15 (95%,

residue: 3% NaCl, 12X Nazsoa, 1% alkanes).
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Xanthogenates: Potassium ethyl, butyl and
isoamyl ianthogenates.
Dithiophosphates: Aerofloat 25 (sodium dicresyl

dithiophosphate).

2. Cation-active flotation reagents.

a.

b.

Pyridinium salts: Cg—alkyl pyridinium bromide

(36%), C alkyl pyridinium bromide (68%),

12716
ClB alkyl pyridinium. bromide (74%).

Amines: C..-amine hydrochloride (decylamine),

10

C.. amine hydrochloride (dodecylamine), 014—16

12
amine hydrochloride (23%)base).

3. Non-ionic flotation reagents

a.

Terpenes: T-1: terpined (mixture of a- and f~terpineol,
90%; 10% other terpene alcohols and terpene hydro-
carbons); T-2: terpineol acetate mixture; T-3:‘terpene
hydrocarbons mixture (main componénts: dipentene,
terpinene, by-products: cineol, eucalyptol, terpineol);
T-4: terpene hydrocarbons (Summary formula: ClOHIG);
T-5: terpene mixture (mixture of different terpene
hydrocarbons such as terpinolene,'terpinene, dipentene,
further oxidation products of unsaturated terpene hydro-
carbons, such as cineole and borneole).

Aliphatic hydrocarbons: White spirit (heptane-octane

mixture) .

The test animals used included perch (Perca fluvialis), roaches

" (Rutilus rutilus), water fleas (Daphnia spec.), and crayfish (Gammarus spec.).
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The fish tested had an average léngth of 13-18 cm, and were kept,
during the 4-day test period; in well-ventilated glass aquariums'
filled with 10 1. of water. Testé with animal fish feed were
performed in flat dishes, filled with 1 1. water and also well-
ventilated. Water temperatures ranged from 11 to 17°C, and the
tap water used had a pH of 7.8-8.1 and a éarbonate hardness of

8° (German hardneeé scale). Among the flotation reagents used,
p-tolylarsonic acid, the sulfonates, xanthogenates, Aerofloat 25,
the pyridinium salts and the amines were readily soluble in water.
On the other hand, oleic acid, tall bil, all terpenes, and white
spirit could only'be partly dissolved, so that these compounds had
to be used predominantly in the form of aqueous emulsions. The
degree of emulsification, achieved by intensive hand shaking, is
naturally subject to variations, which again resulted in a certain
range of variation of the test results. For this reason, ethanol
was experimentally added as a solvent (solution promoter) to tall
oil; this alcohol is to a large extent nontoxic for the test animals

used.
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@ Scﬁwcllenwerte mg/l ) @

: @ Wasser- Bachﬂoh-(_"
Floxgnsreagcnzicn Barsche @Plﬁtzcn @ fléhe krebse
(Perca (Rutilus {Daphnia (Gammarus
' fluviatilis)  rutilus) spec.) spec.)
Olsiiure® > 2000 > 2000 - -
p-Tolylarsonsiiure < 1000 (pH) < 1000 (pH) 200 800 (pH)
Tallél 10-20 2040 40 40
Ci+-Alkylphenyisulfonat?) 6— 8 10 30 40
Cin-Cy-Alltylsulfonat 12--15 50-60 10-20 150
Mersolat 6 10 30 30
Kaliumiithylxanthogenaf_7) 2 6 - >10
Kaliumbutylxanthogenat 15 20 - 50
Kaliumisoamylxanthogenat 20 55 — 50
Acrofloat 252 50 60 < 50 100
Cu-Alkylpyridiniumbromid () 160 200 <5 5
C4-Cye-Alkylpyridiniumbromid 5 4 0,2 1
C-Alkylpyridiniumbromid 075 . . 0,75 <01 0,1
Co-Aminhydrochlorid( 2 2- 3 3 - 2~ 3
Cra=Aminhydrochlorid 3 4 4 - ~ 4
Cy—Ci-Aminhydrochlorid 4— 5 5 — 4
{13 2530 3540 - 40
T2 12~15 12—10 — > 40
T3 30 30 -— p- 211}
T—4 T 2030 20--30 80 60
T—5 50 50 125 -
~ White spirt) D 5~10 10-15 10 60

Table 1. Toxic action of flotation reagents
on fish and animal fish feed.

Flotation reagents

Perch (Perca fluvialis)
Threshold values mg/l
Roach (Rutilus rutilus)
Water flea (Daphnia spec.)

(10)
11

Stream flea crayfish (Gammarus spec.)

Oleic acid

p-Tolylarsonic acid

Tall oil

Clz-alkyl phenyl sulfonate
010-016—alky1 sulfonate
Mersolate

Potassium ethyl xanthogenate

Potassium butyl xanthogenate

Potassium iscamyl xanthogenate

Qa2)

(13)

(14)

Aerofloat 25

Cg—aklyl pyridinium bromide

Clz-Clﬁ—alkyl pyridinium
bromide

Cls—alkyl pydridinium
bromide

—amine hydrochloride

-amine hydrochloride

-amine hydrochloride

C10

Ci2

C147C16
-1

T~2
T-3
T~4
T-5
White spirit
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Tall oil, terpenes, and white spirit had a pleasant aromatic odor,
. which was characteristic for every compound; The Aeroflat 25 éolution
had a definite hydrogen sulfide odor, while the Clz—CIG«alkyl pyridinium
bromide had an intensive pyridine odor. The two other alkyl pyridines,
o as well as the alkylamines, had a paraffin-like soapy odor, which
increased significantly with the length of the alkyl groups.. The
““““ xanthogenates had a partial stinging and unpleasant odor, apparently
due to. decomposition products formed from these relatively ungtable
cém@ounds.
- The so-called threshold value was defined by Bandt (7) as a measure
of the toxicity of a fish poison. This value is equal to the concen-
tration of toxic product at which the first clearly detectable poisoning
symﬁtoms appear in an aquarium test within 3 to 4 days. For example,
one of the clearly visible symptoms of poisoning in fish is the
. appearance of the side (lateral) position.
Some flotation reagents tested led to typical poisoning symptoms.
Thus, sulfonates caused extensive mucus secretion in fish. This symp-
‘ tom is also caused by numerous other surface-active products (8).
It must be assumed that, in addition to the skin of the fish, also
- the gill epithelium is destroyed by these compounds, thus resulting in
a blocking of gas exchange, and the fish suffocate in spite of a suffi-
cient oxygen content in the water (8).
The terpenes also caused characteristic poisoning symptoms. The

figh were at first very quickly stunned and assumed a side position.

i Frequently, however, they again recovered fully, without requiring a

.y
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change of the water in the test tank. The time needed for a complete
recovery of roaches may amount to up to 3 days. |

This phenomenon is probably due to a partial evaporation of the
ethereal (essential) oils, which is further promoted by the introduction
of air. Similar observations have also been made by Ebeling 9.
Threshold values of a larger number of flofation reagents for fish and

animal fish feed are listed in Table 1.

Discussion of Test Results

From a fishery standpoint, the toxic action of a product can be

characterized as follows, according to the range of toxicity limits:

below 1 mg/l: highly toxic
1-10 mg/1: strongly toxic
10-100 mg/1l: moderately toxic
100-1000 mg/1: weakly toxic
over 1000 mg/l: practically nontoxic

Based on this classification, most of the flotation reagents
studied must be considered as moderately toxic (threshold values of
10 to 100 mg/1). These include sulfonates, xanthogenates (except for
ethyl xanthogenate), all terpenes, further tall oil, Aerofloat 25,
and white spirit. As strongly toxic compounds'(threshold values
1-10 mwg/l), we must consider the amines, and also ethyl xanthogenate
and the C12—016—a1ky1 pyridinium bromide. Whereas the Cla-alkyl
pyridinium bromide is an extremely effective toxic product (threshold
value <1 mg/l), the Cg—alkyl pyridinium bromide must be considered as a

weakly toxic compound. Practically nontoxic, from a fishery standpoint,
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is only oleic acid and p-tolylarsonic acid. The latter has a strongly
acid character, which accounts for the damage suffered by .test animals
at higher concentrations. At a concentration of 8001000 mg/1, the .
lethal pH Qalue for fish in the acid range (11) was reached under our
test conditions. The amount of p-tolylarsonic acid required for this
purpose is naturally dependent on the buffering degree of the water
used.

Upon closer examination of the test results, a particularly
striking feature of the alkyl pyridinium salts is the fact that the

toxic effect increases greatly with increasing number of C-atoms

in the alkyl group. When the amount of sample weighed in is the

same, the total number of molecules per liter decreases, however,
with increasing molecular weight. As a result, the toxic effect
of homologs decreases wi;h an increase of their molecular weight, as
was confirmed in tests using xanthogenates and amines, However,
since the opposite takes place with the quaternary alkyl pyridimium
salts, the toxic effect of these compounds appears to be considerably
increased By a lengthening of the alkyl side chain. In this case,
little is changed by the fact that the concentration of the active
agent in the Cg—alkyl pyridinium bromide compound is only about
half as great as that of the Cls—alkyl pyridinium (the content of
active agent was measured by determination of pyridine nitrogen by
the Kjeldahl method). In regard to their toxic effect, the two
products differ, however, by several decimél potencies.

When comparable results are available in the literature, they are

in good agreement with those obtained in the present study. Thus,
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Leclerc and Devlaminck (12) found that when minnows were eiposed

for 6 hours, the lethal limit concentration of N« (lauryl-,
colamin-, formyl-, or methyl-) pyridinium chloride was equal to
19-20 mg/l. Under the same conditiﬁns, the lethal limit concentra-
tion of dodecyl benzene sulfonate was 6-7 mg/l. According to the
studies of Sierp and Thiele (8), alkylaryl sulfonate kills fish

at a concentration of 10 mg/l. Some resulgs are already available
on‘the_toxic effect of xanthogenates, Accofding to Ellis (13),

gold fish die within 48-96 hours when exposed to potassium xantho-
genate (ethyl xanthogenate) concentrations of 10 mg/l. As was already
mentioned in the 1ngroduction, studies by Slanina (5) show that
potassium ethyl xanthogenate and potaesiumlisoamyl xanthogenate no
longer injure minnows when their respective concentrations are below
6 and 25 mg/l.

The toxic effect of tall oil is certainly due only to its consi-
derable content of resin acids. Ebeling (9) and Danneel (14) have
investigated the toxic effect of resinous products in connection with
other matters. These compounds act as nerve poisons, whereby common
spruce resin, resin acids (abietic acid) and rosin are about equally
toxic for fish. Ebeling states that resins in a concentration of
5 mg/l kill trout, while causing only a certain amount of injuries

to tenches and roaches. According to the same author, gammarids are

also injured by resin acids, although these test animals are less sensi-

tive to such compounds, in agreement with our own results. At a resin

acid concentration of 20 mg/l, all gammarids were dead after 5 days.
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Ebeling (9) also performed tests on fish with two terpene
hydrocarbons. The lethal concentration of these compounds for trout
was about 5 mg/l, while roaches and bleaks were not yet injured by
this amount of toxic product. No information is given on the behavior
of the latter two fish species at higher concentrations of these toxic
products.

No comparable results were available to us on the toxic effect
of the‘other flotation reagents. |

According to Kirchberg (15), the maximum content of reagents in
liquid flotation effluents is equal to 20-250 mg/l. The threshold
values of most flotation reagents listed in Table 1, however, are
considerably lower than 250 mg/l, so that an endangering of fishery
draining ditches by such effluents appears quite probable.

There are no specific studies dealing with the adsorption of
flotation reagents by minerals. However, even if the major amount
of the added chemicals is bound by solid particles (6) and does not
reach the draining ditch with the liquid effluents, some of the tested
flotation reagents are so highly toxic that even in trace amounts they
can poison fish and particularly animal fish feed.

Further, an appraisal of liquid flotation effluents must also take

. into account the content of regulators in such effluents. A special

investigation of this problem could not be carried out in the present

study.
Along with other flotation reagents, petroleum or diesel oil are
occasionally used as collectors in flotation ore dressing. It is

known that both of these products can exert a damaging effect on all
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biological relations present in a body of water. . According to
Bandt (7), the thre#hbld value of diesel oil for roaches is 25-30 mg/1l.
However, considerably lower concentrations of this product already
exert an injurious effect on lower flora and fauna; fish are thereby
deprived o£ thelr fasic food and thus forced to migrate.

In summary, we can state that the tests performed by us give an
overview of the direct toxic effect exerted by a wide variety of flota-

tion reagents. An exact statement as to the extent of the injurious

.effect exerted by liquid flotation effluents on fishery draining

ditches can only be made after determination of the precise content

of flotation chemicals in these effluents. Some of the compounds
tested, however, are extremely toxic to fish and animal fish feed.

It is feared, therefore, that, even after partial adsorption by

solid particles, residue of flotation agents remaining in the effluents

represents a danger of damage to fishery draining ditches.

Summary

The mechanical separation of products by the flotation method
is recently assuming an increasing importance in the chemical industry.
The liquid flotation effluents released in this process contain, along

with fine turbid products injurious to fisheries, also certain amounts

of added flotation chemicals. For this reason, the toxicological action

of a number of flotation reagents on fish and animal fish feed was
investigated. Tests were carried out with yarious'xanthogenates,
alkyl amines, terpene hydrocarbons, alkyl pyridinium bromides, and
alkyl sulfonates. Further, oleic acid, p-tolylarsonic acid,

Aerofloat 25, white spirit, and tall oil were also tested. The animals

105



N T

14

used in these tests included roaches (Rutilus rutilus), perch (Perca

vvvv fluvialis), crayfish (Gammarus spec;), and water fleas (Daphnia spec.).
i The ﬁoxic effect of the tested flotation chemicals was in part quite
i considerable, so that flotation effluents can cause damage to fishery

draining ditches both as a result of their content action of fine

turbid products and, in some cases, of their toxic actiom.
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dbr Deutschen Akademie der Landwirtschaftswissenschaften zu Berlin,
Abteilung filr Chemie, Berlin-Friedrichshagen
Direktor: Prof. W. Schiperciaus

DIETWART NEHRING

Die Einwirkung von Flotationsreagenzien
auf Fische und Fischnihrtiere

Eingegangen: 9. 6. 1962

Einleitung und Literaturiibersicht

Unter dem Begriff Flotation ist die Trennung von festen, feinkornigen Stoff-
gemischen auf mechanischem Wege zu verstehen, die im wiissrigen Medium
unter Zusatz von Flotationsreagenzien erreicht werden kann. Das Verfahren
beruht auf der unterschiedlichen Benetzbarkeit der ecinzelnen Bestandteile, die
durch die Zugabe von Flotationsmitteln bewirkt wird.

An Flotationsmitteln werden im allgemeinen Sammler, Schiumer und
Regler zugesetzt. Die Sammler sollen sich an den Oberflichen bestimmter
Komponenten anlagern und sie hydrophob, also wasserabweisend, machen, Bei
Einblasen oder Einschlagen von Luft kénnen dann diese Teilchen an den auf-
steigenden Blasen haften und mit ihnen zur Tribeoberfliche gelangen. Auf-
gabe der Schiumer ist es, cinen stabilen Schaum zu erzeugen. mit dem die
aufgeschwommenen Feststoffteilchen auf der Triibeoberfliche abgezogen wer-
den kénnen, Der Zusatz dieser Reagenzien ist auch fiir eine giinstige Verteilung
der Luft in der Triibe wichtig. Die meisten Sammler wirken nicht selektiv auf
nur ein Mincral. Um zu erreichen, dafl allein die gewiinschten Komponenten
im Schaumgut ausgebracht werden, missen meist bestimmte Flotationsbedin-
gungen durch die Zugabe sogenannter Regler eingehalten werden. Nicht selten
sind auBerdem Reagenzien zuzusetzen, welche das Aufschwimmen der anderen
l\'jt;\lponer\ten verhindern. Diese Flotationsmittel werden als Driicker be-
~ ichnet.

Sowohl die Sammler als auch die Schaummittel besitzen in ihrem Molekiil

ne nichtpolare und eine polare Gruppe. Die erstgenannte Gruppe ist hydro-
~hob und aerophil; die zweite Gruppe ist dagegen reaktionsfahig und kann von
“":n Teilchen adsorbiert werden. Es wird angenommen, daB sich die Mineralien
“ar in @uBerst diinner Schicht mit dem Sammler anreichern, wobei der polare
Test des Molekiils an die Grenziliche gebunden wird, withrend die unpolare,

. vophile Gruppe nach aulen gekehrt ist und hydrophob wirkt.

Zwischen Flotationsrcagenzien und Detergentien* bestehen teilweise sehr

:oe Beziehungen. Hiulfig ist eine Unterscheidung zwischen Sammlern und
~chiiumern einerseits und waschaktiven Substanzen andererseils gar nicht
2iglich, Ebenso wie bei den Detergentien unterscheidet man auch bei diesen
Fletationsreagenzien nach anionaktiven, kationaktiven und nichtionogenen

‘ synthetisch hergestellte waschaktive Substanzen.
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Verbindungen, entsprechend dem wirksamen Bestandteil im Molekiil der
grenzflichenaktiven Verbindung.

Wiéhrend iber die Schadwirkung von detergentienhaltigen Abwéssern auf
Fische und Fischniihrtiere bereits zahlreiche Veroffentlichungen vorliegen (zu-
sammenfassende Darstellungen vgl. 1. 2, 3) wurde bei den Flotationsabwissern
in der Vergangenheit nur deren oft sehr hoher und fischereischidigender G-
halt an Triibstoffen diskutiert (4).

Lediglich von gsterreichischer Seite liegen einige Versuchsergebnisse speziell
Uber die Giftwirkung von Flotationschemikalien gegeniiber Fischen vor, Bei
Testversuchen mit Elritzen (Phorinus laevis) fand SLANINA (5), daB nach
sicbentéigiger Versuchsdauer keine sichtbare Schiidigung der Versuchstiere ein-
trat, wenn die Konzentration der Flotationsmittel unter folgenden Werten lag:
Flotansl 200 mg/l, Fuselsl 100 mg/l, Kaliumamylxanthogenat 25 mg/l. Kalium-
athylxanthogenat 6 mg/l, Natriumsulfid (techn.) 6 mgl und Tragol 5 mgl.
SLANINA vermutet. dal} bereits bei geringen Verdinnungen der Flotations-
abwiisser keine unmittelbare Gefahr mehr fiir niedere Fauna und Fische im
Vorfluter besteht.

WEBER (6) untersuchte die toxische Wirkung von Flotationsmitteln. die bei
der Gewinnung von Magnesit verwendet werden. Nach seinen Angaben rechnet
man pro m* Rohmagnesit mit einem Zusatz von 6500 1 Wasser und je 3 kg Lipol
als Sammler-Schiiumer und DD 95 als , Driickersalz®. Die Schidlichkeitsgrenze
von Lipol lag lir Regenbogenforellen zwischen 25 und 50 mg 1 bezogen auf eine
Wassertemperatur von 15°C. Das Driickersalz BD 95 ist weniger toxisch und
titete Forellen erst bei Konzentrationen von 200 mg 1. Wihrend Lipol durch
den feinvermahlenen Feststoff praktisch vollstindig cntgiftet wurde (Adsorp-
tionswirkung). scheint die Toxizitiit dos Driickersalzes dadurch nur im geringen
Male abgeschwiicht zu werden. Das Lipol bedeutet also trotz seiner Giftigkeit
in Gewissern unterhalb von Magnesitwerken keine unmittelbare Gefahr fiir
Forellen. Auch das Driickersalz diirfte im vorltegenden Falle kaum cine der-
artige Konzentration erreichen, die den Tod der darin lebenden Fische ver-
ursachen kénnte,

Versuchsdurchfihrung

Bei den bisherigen Untersuchungen handelte es sich meistens um technische
Produkte, iiber deren Zusammensetzung wenig gesagt wurde. Hiufig wurden
nur die Trivialnamen der Flotationsmittel genannt. In Zusammenwirken mit
dem Forschungsinstitut fir Aufbereitung der Deutschen Akademie der Wissen-
schaflten zu Berlin* wurde nun die toxikologische Wirkung eciner Reihe von
Flotationsrcagenzien, deren Zusammensetzung bzw. Wirkstoffkonzentration
annihernd bekannt war, auf Fische und Fischnihrtiere untersucht,

Zur Untersuchung gelangten anionaktive, kationaktive und nichtionogent
Reagenzien:.

1. Anionaktive Flotationsreagenzien
a) Sduren:
Olsiure
p-Tolylarsonséure
Tallol [30—40", Harzsduren (Abietinsdure), 40—55%) Fettsduren (Ol--
Linol- und Linolensiure). 12,5",, Unverseifbares {Kohlenwassct-
stoffe. Phytosterin), 2", Petroldtherunlésliches]

* Herrn Prof. Dr. KIRCHBERG méchten wir auch an dieser Stelle fiir die Anrégung zu divse’
Arbeit und fiir die Bereitstellung der Flotationsreagenzien bestens danken,
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b) Sulfonate:
C,.-Alkylphenylsulfonat (85 ig, Rest: NaCl, Na.8O,) '
C::,-C,,;-Alkylsulfonat {Gesamtfetigehalt 33", Sulfomengngsgrad 80%%)
Mersolsulfonat, mittlere Kettenlange C,, (95" 4ig, Rest: 3" o NaCl.
1, Na_SOQ,, 1"}, Alkane)
¢) Xanthogenate:
Kaliumathvixanthogenat
Kaliumbutylxanthogenat
Kaliumisoamylxanthogenat

d) Dithiophosphate:
Aerofloat 25 (Natriumdikresyldithiophosphat) .

2 Kationaktive Flotationsreagenzien -

a) Pyridiniumsalze: .
C,-Alkylpyridiniumbromid (36‘: 0ig)
C,.-C,,~Alkylpyridiniumbromid (68:‘ 0ig)
C,.-Alkylpyridiniumbromid (74° vig)

b) Amine:

C,.~Aminhydrochlorid (Decylamin)
C,.~Aminhydrochlorid (Dodecyllamm)
C,,-C,,~Aminhydrochlorid (23", Base)

3. Nichtionogene Flotationsreagenziep

a) Terpene: ,

T-1: Terpinecol (Mischung von «- und g-Terpineol: 90" 4ig: 10", andere
Terpenalkohole und Terpenkohlenwasserstoffe)

T—2: Terpineolazetatgemisch ) _

T-3: Terpenkohlenwasserstoffgemisch (Hauptbestandteile: l?lpenten.
Terpinen; Nebenbestandteile: Cineol, Eukalyptol, Terpinenol)

T—4: Terpenkohlenwasserstoffe (Summenformel: C, H,,)

T—5: Terpengemisch (Gemisch verschiedener Terpenkohlenwasserstoffe
wie Terpinolen, Terpinen, Dipenten; ferner Oxydationsprodukte
der ungesittigten Terpenkohlenwasserstoffe wie Cineol und
und Borneol)

b) Aliphatische Kohlenwasserstoffe:
White spirit (Heptan-Oktan-Gemisch)

Als Versuchstiere wurden Barsche (Perca fluviatilis), Plétzen (Rutilus ruti-
lus), Wasserfishe (Daphnia spec.) und Bachflohkrebse (Gammarus spec.) ver-
Wendet. Die Versuchsfische waren durchschnittlich 13—18 em lang. Sie wurden
“ihrend des 4 Tage dauernden Versuches in gut beliifteten, 10 1 Wasser fassen-
den Glasaquarien gehalten. Die Versuche mit Fischnahrtieren wurden in
lachen Schalen durchgefiihrt, die mit 1 1 Wasser gefiillt waren und ebenfalls
beliftet wurden. Die Wassertemperaturen lagen zwischen 11 und 17 °C, das
verwendete Leitungswasser hatte cinen pH-Wert von 7.6 bis 8.1 und eine

arbonathirte von 8° d. H. Von den verwendeten Flotationsreagenzien waren
die p-Tolylarsonsiiure, die Sulfonate, die Xanthogenate, das Acrofloat 25, die
Pyridiniumsalze und die Amine im Wasser gut loslich. Dagegen konnten die
Olsiure, das Tallsl sowie samtliche Terpene und der White spirit nur teilweise
™ Losung gebracht werden, so dafl diese Verbindungen iiberwicgend in Form
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ihrer wiissrigen Emulsionen verwendet werden muBten. Der Emulsionsgrad
der durch intensives Umschiitteln von Hand erziell werden kann, ist natyr.
gemill Schwankungen unterworfen, was wiederum eine gewisse Schwankungs.
breite der Versuchsresultate zur Folge hat. Deshalb wurde beim Tallsl vep.
suchsweise Athanol als Losungsvermittler zugesetzt. Dieser Alkohol ist fiir die
verwendeten Versuchstiere weitgehend ungiftig,

Tabelle 1
Giftwirkung von Flotationsreagenzien au{ Fische und Fischnihrtiere

Schwellenwerte r-ng/l

.. Wasser- -

Flotationsreagenzien Barsche Pldtzen fiche Bl&:felbﬂ::

(Perca (Rutilus (Daphnia (Gemmarus
o Auvietilis) rutilus) spec.) spec.)
Olsédure ) > 2000 > 2000 - — B
p-Tolylarsonsiure < 1000 (pH) < 1000 (pH) 200 800 (pH)
Tallol 10-20 20—40 40 40
Cyis-Alkylphenylsulfonat 6— 8 10 30 40
Cio-Cia-Alkylsuifonat 12-15 50—60 10—20 150
Mersolat - 6 10 30 30
Kaliumithyixanthogenat 2 (] —_ >10
Kaliumbutylxanthogenat 15 20 - 50
Kaliumisoamy!xanthogenat 20 55 - 50
Acerofloat 25 50 60 < 50 100
Cy-Alkylpyridiniumbromid 160 260 <5 5
Cy2-Cy-Alkylpyridiniumbromid 5 4 02 1
Ci«-Alkylpyridiniumbromid 0,75 . 0,75 <01 0,1
Ciy-Aminhydrochlorid 2—- 3 3 - 2-3
Cj»-Aminhydrochlorid 3~ 4 4 —_ ~ 4
C—Cis-Aminhydrochlorid 4+~ 5 5 — 4
T—1 . 25—30 35—40 - 46
T—2 12—15 12—-15 - > 40
T-3 30 30 —_ >30
T4 2030 2030 80 80
T—5 50 50 125 —
‘White spirit 5—10 10—-15 10 60

Das Tallél, die Terpene und der White spirit zeichneten sich durch einen an-
gcnehrq—aro_r_natischen Geruch aus, der fir jede Verbindung charakteristisch
war. Die Losung mit Aerofloat 25 roch deutlich nach Schwefelwasserstofl.
wihrend cgem C,.-C,,-Alkylpyridiniumbromid ein intensiver Pyridingeruch an-
h_aftete. Die beiden anderen Alkylpyridine besitzen ebenso wie die Alkylamine
einen paralffinartigen, seifigen Geruch, der insbesondere mit der Kettenlinge
der Alkylgruppen zunahm, Die Xanthogenate rochen teilweise stechend-un-
alzger_mhr.n. ‘was vermutlich auf entstandene Zersetzungsprodukte dieser ver-
hiltnismiBig unbestidndigen Verbindungen zuriickzufiihren ist.

Als MaB fiir die Toxizitit eines Fischgiftes wurde von BANDT (7) der so-
genannte Schwellenwert definiert. Es ist dies diejenige Giftkonzentration. bei
der im Aquarienversuch innerhalb von 3 bis 4 Tagen dic ersten deutlich waht-
nehmbaren Vergiftungssymptome auftreten. Zu den gut erkennbaren Ver-

;;

0

P —

Zeitschrift fir Fischerei. Band XI N.F., Heft 3 4. 19621963 317

siftungssymptomen gehort bei den Fischen beispielsweise der Eintritt der
scitenlage.

Einige der untersuchten Flotationsreagenzien flihrten zu typischen Ver-
giftungserscheinungen. So bewirkten die Sulfonate bei den Fischen cine starke
schleimabsonderung. Diese Erscheinung wird auch durch zahlreiche andere
arenzfliichenaktive Substanzen verursacht (8). Es muB angenommen werden,
dnl durch diese Verbindungen neben der Haut der Fische auch die Kiemen-
epithel zerstort wird. Hierdurch kommt es zu ciner Blockierung des Gas-
austausches und die Fische ersticken trotz ausreichenden Sauerstoffgehalts im
Wasser (8).

Auch die Terpene riefen charakteristische Vergiftungssymptome hervor. Die
Fische waren zunichst sehr schnell betdubt und gingen in die Seitenlage fiber.
Hiufig erholten sie sich jedoch wieder vollstindig, ohne daB ein Wasserwechsel
im Versuchsgefdl vorgenommen wurde. Der Zeitraum bis zur volligen Wieder-
herstellung kann bei den Plétzen bis zu 3 Tagen betragen.

Dicse Erscheinung ist wahrscheinlich auf eine teilweise Verfliichtigung der
dtherischen Ole zuriickzufiihren, die durch das Einleiten von Luft noch begiin-
stigt wird. Ahnliche Beobachtungen wurden auch von EBELING (9) gemacht.

In der Tabelle 1 sind die Schwellenwerte fiir Fische und Fischniihrtiere einer
aanzen Reihe von Flotationsreagenzien aufgefiihrt,

Diskussionder Versuchsergebnisse

Die Giftwirkung einer Substanz kann in fischercilicher Hinsicht entsprechend
der Hohe der Toxizitdtsgrenze folgendermaBen charakterisiert werden (10):

unter 1 mg/]l hochgiftig
1- 10 mg/l stark giftig
10— 100 mg/l miBig giftig
1001000 mg/l schwach giftig und
lber 1000 mg/1 praktisch ungiftig

Dic meisten untersuchten Flotationsreagenzien sind auf Grund dieser Eintei-
lung als miiBig giftig zu bezeichnen {Schwellenwerte 10—100 mg:1). Hierzu ge-
hiiren die Sulfonate, die Xanthogenate mit Ausnahme des Athylxanthogenats
und alle Terpene, ferner Tallol, Aerofloat 25 und White spirit. Zu den stark
uiftigen Verbindungen (Schwellenwerte 1—10 mg 1) miissen dic Amine ge-
r‘yd_met werden, ebenso wie das Athylxanthogenat und das C,.-C,,~Alkylpyri-
diniumbromid. — Wihrend das C,.-Alkylpyridiniumbromid zu den duBerst
wirksamen Giftstoffen gehort (Schwellenwert < 1 mg/l), kann das C,-Alkyl-
D‘.\'l‘ldiniumbromid zu den schwach giftigen Verbindungen gerechnet werden.
Fruktisch ungiftig ist in fischereilicher Hinsicht nur die Olsiure und dic p-Tolyl-
arsonsdure. Die letzte Verbindung besitzt stark sauren Charakter, worauf auch
d it Schidigung der Versuchstiere bei héheren Konzentrationen zuriickzufiihren
ein diirfte. Bei etwa 800—1000 mg’l wurde unter unseren Versuchsbedingun-
ken der fiir Fische todliche pH-Wert im sauren Bereich erreicht (11). Die hier-
Ur crforderliche Menge an p-Tolylarsonsdure ist sclbstverstiindlich vom
Puﬂ'urungsgrad des verwendeten Wassers abhéngig.

Bei niherer Betrachtung der Versuchsergebnisse ist bei den Alkylpyri-
. /Mumsalzen besonders auffillig, daf die Giftwirkung mit steigender Anzahl
ton C-Atomen in der Alkylgruppe stark zunimmt. Bei gicicher Einwaage ver-
"ngert sich jedoch die Gesamtzahl der Molckiile pro Liter mit steigendem
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Molekulargewicht. Demzufolge nimmt im allgemeinen die Giftwirkung von
Homologen mit Ansteigen ibres Molekulargewichtes ab, wie auch die Versuche
mit den Xanthogenaten und Aminen bestiitigen. Da jedoch bei den quarter-
naren Alkylpyridinumsalzen der entgegengesctzte Fall eintritt. scheint dic
Giltwirkung dieser Verbindungen durch cine Verlingerung der Alkylsciten-
kette betréchtlich verstirkt zu werden, Hieran indert auch die Tatsache wenig.
dafl die Wirkstoffkonzentration im C.-Alkylpyridiniumbromid-Priparat nuy
etwa halb so grof ist wic dicjenige des C, -Alkylpyridiniumbromids (der Wirk-
stoffgchalt wurde durch Bestimmung des Pyridinstickstoffs nach der Kjeldahi.
Methede ermittelt). Beziglich ihrer Giftwirkung unterscheiden sich beide
Priparate jedcch um mehrere Zehnerpotenzen.

Soweit vergleichbare Resultate in der Literatur vorliegen, stimmen diese
recht gut mit den in der vorliegenden Arbeit erzielten Versuchsergebnissen
Uberein. So fanden LECLERC und DEVLAMINCK (12), daB bei sechsstiindiger
Einwirkungszeit aufl Elritzen die tédliche Grenzkonzentration von N-(lauryl-.
cclamin-, formyl- oder methyl-) Pyridiniumchlorid bei 19—20 mg 1 liegt. Unto
gleichen Bedingungen betrigt die Todlichkeitsgrenze fiir Dodecylbenzolsulfonat
6-7 mg 1. Nach Untersuchungen von SIERP und THIELE (8) wirken 10 mg
Alkylarvisulfonat auf Fische tédlich. Auch tber die Giftwirkung der Xantho-
genate liegen bercits einige Resultate vor. Nach Angaben von ELLIS (13)
sterben Goldfische bei Kaliumxanthogenatkonzentrationen (Athylxanthogenat)
ven 10 mg | in 48-96 Stunden. Wie bereits cinleitend erwihnt, wirken nach
Untersuchungen von SLANINA (5) Kaliumitthylxanthogenat und Kalium-
isoamylxanthogenat auf Elritzen nicht mehr schidigend, wenn ihre Konzen-
traticnen kleiner als 6 bzw. 25 mg/] sind.

Dic Giftwirkung des Talléls ist sicherlich allein auf den betriichtlichen Gehalt
an Harzsiuren zuriickzufithren. EBELING (9) und DANNEEL (14) unter-
suchten in anderem Zusammenhang die Giftwirkung von Harzstoffen. Diese
Verbindungen wirken als Nervengifte, wobei Fichtenharz, Harzsiiuren
(Abictinsdurce) und Kolophonium fiir Fische etwa gleichermalien schiidlich sind.
EBELING gibt an. duB durch 5 mg Harze 1 Forellen getotet werden, wahrend
bei Schlcien und Plétzen nur eine gewisse Schiidigung eintritt. Gammariden
werden nach Angaben des gleichen Autors durch Harzsiuren ebenfalls ge-
schiidigt. wenngleich diese Versuchstiere in Ubereinstimmung mit eigenen
Resultaten weniger empfindlich sind. Bei einer Konzentration von 20 mgl
waren nach 5 Tagen alle Gammariden abgestorben.,

EBELING (9) fihrte auch Fischversuche mit zwei Terpenkohlenwasserstoffen
durch. Fiir Forellen lag die tédliche Konzentration dieser Verbindungen bei
etwa 5 mg L. Plétzen und Ukelei wurden durch diese Giftmenge noch nicht ge-
schiidigt. Uber das Verhalten der beiden letzten Versuchsfischarten bei hoheren
Giltkenzentraticnen werden keine Angaben gemacht.

Uber die Giftwirkung der anderen Flotationsreagenzien lagen uns keine ver-
gleichbaren Resultate vor.

Nach Mitteilung von KIRCHBERG (15) kann der Gehalt an Reagenzicn in
Flotaticnsabwissern maximal 20—-250 mg | betragen. Dic Schwellenwerte det
meisten in Tabelle 1 angefuhrten Flotationsreagenzien sind aber erheblich
kleiner als 250 mg 1, so daB cine Gefidhrdung fischereilich genutzter Vorfluter
durch derartige Abwiisser durchaus gegeben scheint.

Uber die Adsorption von Flotationsreagenzien an Mincralien liegen kein
cigenen Untersuchungen vor. Aber selbst wenn die Hauptmenge der zugesctzien
Chemikalien durch die FeststofTteilehen gebunden wird (6) und nicht mit dem
Abwasser in den Vorfluter gelangt, sind einige der gepriften Flotations-
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reagenzien so stark toxisch, daB sie auch in Spuren noch vergiftend auf Fische
und insbesondere auf Fischnihrtiere einwirken kiénnen.

Weiterhin mull bei der Beurteilung von Flotationsabwissern auch deren Ge-
halt an Reglersubstanzen bertchsichtigt werden. Spezielle Untersuchungen zu
dieser Frage konnten in der vorliegenden Arbeit nicht durchgefiihrt werden.

Zusammen mit anderen Flolationsreagenzien werden gelegentlich Petroleum
«dor Dieseldl als Sammler bei der Schwimmaulbereitung verwendet. Von
dicsen beiden Verbindungen ist jedoch bekannt, daf sie die gesamten biologi-
.chen Verhiilinisse cines Gewiissers schiidigen konnen. Der Schwellenwert fiir
Bieseldl betrdgt nach BANDT (7) fiir Plétzen 25-30 mg 1. Dic niedere Flora und
Fauna wird jedoch schon bei wesentlich geringeren Konzentrationen in Mit-
lridenschaft gezogen. Den Fischen wird hierdurch die Nahrungsgrundlage ent-
-~ gen, und sie werden somit zum Abwandern gezwungen.

Zusammenfassend kann gesagt werden, daf3 die durchgefithrten Versuche
cinen Uberblick Uiber die dirckte Giftwirkung der verschiedensten Flotations-
rcagenzien geben. Eine exakte Aussage inwicweit Flotationsabwisser auf
tischereilich genutzte Vorfluter schidigend wirken. kann nur nach Bestimmuny
ihres genauen Gehaltes an Flotationsehemikalien. gemacht werden. Einige der
unicrsuchten Verbindungen sind jedoch gegeniiber Fischen und Fischnidhr-
teren dullerst giftig. Es muB deshalb befilirchtet werden. daB selbst bei teil-
weiser Adsorption an die Feststoffteilchen durch den im Abwasser verbleiben-
dvn Rest an Flotationsmitteln die Gefahr ciner Schiidigung tischereilich ge-
nutzter Vorfluter besteht.

Zusammenfassung

Dic mechanische Stofftrennung nach der Flotationsmethode gewinnt in
jungster Zeit fiir die chemische Industrie mehr und mchr an Bedeutung. In den
«bgestoflenen Flotationsabwiissern sind neben den fischereischidigenden feinen
Triibsteifen auch gewisse Mengen der zugesetzten Flotationschemikalien ent-
halten. Es wurde deshalb die toxikologische Wirkung einer Reihe von Flota-
tionsreagenzien auf Fische und Fischnihrtiere untersucht. So wurden Versuche
mit verschiedenen Xanthogenaten, Alkylaminen, Terpenkohlenwasserstoffen.
Algylpyridiniumbromiden und Alkylsulfonaten durchgefiihrt. Weiterhin wur-
den Olsdure, p-Tolylarsonsiure, Aerofloat 25, White spirit sowie Tallol aus-
tiestet. Als Versuchstiere dienten Plétzen (Rutilus rutilus), Barsche (Perca
fuviatilis), Bachflohkrebse (Gammerus spec.) und Wasserflohe (Daphnia spec.).
Dic Giftwirkung der untersuchten Flotationschemikalien war teilweise recht
tetriichtlich, so daB Flotationsabwisser, auBer durch feine Triibstoffe. unter
Umstinden auch durch ihre Giftwirkung zu einer Schidigung fischereilich
fenutzter Vorfluter fithren kénnen. :

Summary

Recently mechanical partition by flotation gains more and more importance in
chemieal industry. The running off flotation effluent contains besides particulate
‘urbids detrimental to fishery a certain quantity of added flotation chemicals.
Therefore the toxic efficiency of several flotation reagents to fish and fish-food
_Tsunism has been examined, Experiments with various xanthogenates, alkylamines,
rpene hydrocarbons. alkylpyridinium bromides and alkyl sulfonates were con-
"‘fﬂbd Furtheremore oleic acid, p-tolvlarson acid. aerofloat 25, white spirit and tall
i+ Were put to test. The roach (Rutilus rutilus), perch (Perea fluviatilis), water-flea
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220° NEHRING. Einwirkung von Flotationsreagenzien aul Fische und Fischniihrtiere

(Daphnia spec.) and Gammarus spec. have been used as experimental animals
Partially the toxicity of the examined flotation chemicals was pretty high so th:
flotation effluents besides particulate turbids also may possibly lead by means ..
their toxicity to a damage of fishery receiving waters. ‘

PeswoMe

Mexanuseckoe oTjesienie ReMEcTs 1o PAOTAHHOILIOMY METOY I HOCIEINEC Bl
B XHMHHECKOI HPOMLHLIEHIIOUTIL Npeodperaer Bee Hoawine suadennsa, I orpadaovs
NLX  RIOTAIBINARIN  BOIAX HAPAAY ¢ BPEIHLDUL [TH PROOJOHCTBA MY THANLI,
BEHIECTBAMIY COACPENTCR] 1 HeKOTOPOe KOJMMECTRO TOHABAAIMXCH I $aorann
xuMnueernx peecrs.  Hooromy neede1onacock ToRsieckoe teiicTuie pia dpoaw .
RUOHUBX DEaRTIRon Ha puay 1 Ksoil puonsii xopm. Tak nporegniich onwvy
PAIHYNBIME RCANTOIONATAMI, ADLTAMIIIAMI, YTII€L0IOPORAMI TEPHCHOBOLG Ly
RTRHATNPICIHTPOMILIEONT It AXKILTCNILGOHATAMIL KPoMe TOro NCHTRBAINCH 0¢HN.
Baf KHCTOT4, p-Toitapestiosas kicdora, apodooar 25, White spirit 1 raziorn.
macao.  Hogonsrrnnng sinnornmvy cavaian wiorna (Rutilus vutilus), onyns (Per,
fluviatilis), Gammarus spee, n so,uas ocoxa (Daphnia spec.). Tonelecroe aeficri,
NCCTCAOBANHMX PIOTAUNONMHBIX XHMIIRATOR OLII0 OTHACTIL AOROIBIO  HHAMUTCIb .
TAK 4TO OTPAdoTanine YPUIOTAINIOHILIC BOIM MOrYT APUHOCHTL BPEL PHOOIOBCT:,
He TOJILKO COACPHRAMIMMIICA B JHIX MYTHHIMNMIL HCIECTBAME, HO IL CBOEl ToRCw: -
HOCTbIO,
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.4 PRYDE and J.C. COWAN, Northern
ngal Research Laboratory,2 Peoria, lilinois 61604

ABSTRACT

Production- ~of vegetable, ammal and marine oils
ontaining more than about 40% unsaturated fatty
xids totaled 15,000 million pounds in 1968, almost
o the scale of pelrochemical production. The greater
share (64%) of this nonfossil oil production was
directed toward food uses, the remainder toward
industrial and animal feed uses. The varicty of
chemical reactions carried out on thesc unsaturated
fatty acid products include hydrogenation, interester-
fication, dimerization, sulfation, formation of nitro-
gn compounds, epoxidation, alkaline cleavage and
oxidative ozonolysis. Some of these reactions have
been developed at Utilization Rescarch and Develop-
ment Divisions of the Agricultural Research Scrvice,
US. Department of Agriculture. Rescarch is con-
tinwing in developing new reactions for potential
iidustrial application. An example is reductive
ozonolysis of unsaturated fatiy esters to produce
monofunctional aldehydes and bifunctional aldechyde
esters,

4

INTRODUCTION

Most scientists readily acknowledge the mammoth pro-
tions of the petroleum industry and of its offshoot, the
-iochemical industry. Yet probably few are aware of the
mparable magnitude of the indusiry concerned with oils
“m nonfossil sources. The 1967 production of petroleum
“:de products for chemical conversion in the United States
i 54,000 million pounds, 70% of it consisting of aliphatic
idrocarbons, at an average value of 3 centsflb. Although

IPtesented at the ISF-AOCS World Congress, Chicago, Sep-
“ber 1970,
No. Market. Nutr. Res. Div., ARS, USDA.

TABLE |

Production and Price for Unsaturated Fatty Acid Sources

1968 Production,
million 1b " 1970 Price for crude

product, USA

Oil or fat USA (1) World (2) cents/lb (3)
ybern 6150 11,080 12
oy and grease,

‘uh‘lu 538 -
M. and grease, 9310

e - le 4745 7
nt yver sced - 7950 -
“an _ 209 7010 15
It seed 1118 4830 13
‘P ed - 3690 17
Jiy. 2954 k1]
lln 973 2880 13
sk, N 171 2440 12
s d 307 1720 | R}
*a e seed - 1320 39
st 1338 820 15
o 453 530 15
A swer 868 470 17
‘in 322 268 24
s . 408 200 15
Jitiica — 78 17
U] 1239 - 3
fegc table oil foots 265 6

Consumption in selected products. Production hgures are with-
beld 10 avoid disclosing figures for individual companies.

vegetable,

production of nonfossil oils is less, it still amounted to

15,000 million pounds in 1968 at values ranging from 3

cents to 39 centsflb (Table 1). Such nonfossil oils include
animal and marine oils; they are liquid at

ordinary temperatures because of their high proportion of
unsaturation. Soybean oil and tallow predominate in the
United States, but tall oil and cottonsecd oil follow closely.

Most of these oils contain various proportions of oleic,

past 15-20 years.
(pine oil), and it is a byproduct of the sulfate-
Distilled tall oil contains 14-37%
60-85% unsaturated fatty acids, which compnse roughly
% conjugated acid. These acids

“tallolja™
pulp industry.

50% oleic, 405 linoleic and

linoleic and linolenic acids, but some contain unusual acids
such as ricinoleic, erucic and eleostearic (Table 11). Tall oil
descrves special mention because of its rapid growth in the

Its name is derived from the Swedish

are present as the {ree acid and not as the glyceride.

An overall picture will be drawn for (a) the consumption
and use patterns for these oils and for their unsaturated
fatty acids; (b) their industrial reactions; (¢) the utilization
research arcas under investigation by the Agricultural
Resecarch Service of the U.S. Department of Agriculture;
and (d) reductive ozonolysis, an aspect of the oil rescarch at
the Northern Regional Research Laboratory. Monounsatu-
polyunsaturated fatty acids will be
discussed because for most uses it is impractical to scp.xr.lle

rated as well as

these acids.

OIL CONSUMPTION AND USES
By far the greatest market for vegetable oils lies in

TABLE I

* Oil Camposition®

% rosin and

Compaosition, wt %

Qil or fatty acids Oleic Linoleic Linolenic Other
Vegetable oils
Castor 3 4 89b
Corn 27 59 1 e
Cottonseed 17 53 - -
Crambe 17 9 6 60¢
Linseed 19 15 $7 -
Oiticica 6 - 78d
Olive §2 15 1 -
Palm k1] 10 — -
Peanut st 3 - -
Perilla 13 14 64 -
Rapeseed 17 13 H 56°¢
Safflower 13 78 — -
Soybcean 22 55 8 .-
Sunflower 14 75 - e~
Tall oil 48 37 - -
Tung 8 4 3 so¢
Animal fats
Butter fat 32 2 H 8
Lard 43 9 - H
Tallow 44 2 - -
Maurine fats and oils
Herring 24 1 - 44f
Menhaden 17 1 - 32f
Sperm whale 24 - 2 12f

20nly those sources having more than 40% total unsaturates are

tisted.

bRicinoleic acid.

CKrucic acid.

Licanic (4-keto-9,11,1 3-octadecatrienoic) acid.

CEeostearic acid,

fVarious Cyg to Caq polyunsaturated fatty acids.
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TABLE 111
1968 Consumption of Oils and Fats in Fdible Products, USA, (1) millions of b
Baking or Salad vr
Oil or fat frying fat  cooking oil Margarine Other Total
Soybean 1842 2036 1240 43 5161
Cottonseed 248 3 10 44 903
Lard 601 0 1664 b 767
Tallow, edible 487 0 1663 b 653
Corn 10 242 179 8 439
Peanut 21 157 b b 201 :
Palm b b b 97¢ .
Safflower 4 b 45 b 69
Others b b b b 17
8307

3Total for lard and edible tallow.

'Consumption figures are withheld to avoi
“Total for both edible and inedible products

various edible products, including baking or frying fats,
salad or cooking oils and margarine (Table 111). These
outiets consume 516! millions pounds of soybeun oil out
of a total of 8307 million pounds of all vegetable oils, or
62%.

Consumption of oils in inedible uses amounted to 4700
million pounds in 1968 (Table IV), or 36% of total oil
cansumption. Although soybean oil is used, tallow and tall
oil predominate in the inedible field, especially tallow for
feed and both for fatty acids. Tallow is also in demand on a
large scale for soaps and for fatty acids. Alkyds and resins
and plastics are the major nonfood markets {250 million
pounds in 1968) for soybean oil. More and more soybean
oil is going into coatings while the amount of linseed oil has
declined drastically.

According to the Fatty Acid Producers’ Council, the
production of unsaturated fatty acids, mainly from tall oil,
totaled 570 million pounds in 1969 (Table V). There are

+ TABLE 1V

1968 Consumption in Inedible Products, USA, (1)
miltions of Ib

Consumption in Total
oil major applications consumption
Edible oils
Soybean® Paints, 79;resins, 102 250
Cottonseed - 7
Lard Lubricants, 12 25
Tallow : . 8
Peanut ' s
Palm -
Safflower Paints, 13; resins, 4 19
Others Resins, 19; lubricants, § 39
353
Inedible oils
Tallow Feed, 1011;s0ap, 639;
fatty acids, 573; lubricants, 92 2478
Tall oil Fatty acids, 1144; paints, 18;
soap, 9; lubricants, 9 1288
Linseed Paints, 122; resins, 19;
lubricants, 7 194
Castor Paints, 13;1ubricants, 8 133
Vegetable oil
foots Fatty acids, 82 R 123
Sperm Lubricants, 19 40
Tung Paints, 22; resins, 6 32
Fish Paints, 6 ) 30
Others 39
4357
Overall total 4710

BAccording to USDA (4), nonfood uses for soybean oil totallead
492 million pounds far the year beginning October, 1968. Foots
and loss amounted to 243 million pounds; foots are largely coh-
sumed in snifnal feeds and industrial soaps.

d disclosing figures for individual companies.,

five major outlets for tall oil fatty acids, distributed. g
indicated in Table VI

The U.S. Tariff Commission has given data for sOme
specific compounds of unsaturated fatty acids (Table vil)
(6).

‘

INDUSTRIAL REACTIONS

Many industrial uses cited for vegetable oils depend

upon a chemical reaction being carried out on the oil o
fatty acid. Some of the more noteworthy reactions are

outlined here. For a more thorough treatment consult the'

literature listed in References 53-59.
Hydrogenation

Partial hydrogenation is an essential reaction in the
production of food items (margarine, salad and cooking oiks
and shortening), as well as of industrial chemicals. A general
reaction can be written in the following way for oleic,
linoleic and linolenic acids if it is recognized that extensive
geometric and positional isomerizations have occurred in

TABLE V

\

1969 Production of Unsaturated Fatty Acids®

1969 Production,

Fatty acid lodine vatue milljon Ib
Oleic (red oil) b 130.9
Animal€ 36-80 32.5
Vegetable or marine <ItS 8.9
Unsaturated 116-130 17.7
Unsaturated >130 9.3
Talt oild b 174.2
Tall oil® -b 196.5

’ 570.0

3Fatty Acid Producers’ Council.
lodine value not defined for these acids.
€Animal fatty acids other than oleic.
" Tall oil fatty acids containing more than 2% rosin acids.
€Tall oil fatty acids containing less than 2% rosin acids.

TABLE VI

‘

Tall Oil Fatty Acid Uses, 1967 (s)

Use Consumption, mitlion Ib
Coatings bl
Dimer acid 40
Soaps kX
Flotation agents 29
Fpoxy tallates 20
Others 67

268
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TABLE VII

PRYDE AND COWAN: POLYUNSATURATED FATTY ACID USES

Production, Unit Value and Industrial Use for Selected Unsaturated Fatty Acids (6)

1967 Production,

1967 Unit value,

Unsaturated fatty acid derivative million 1b dollars/lb Industrial use?
Tatlow -
Salt, potassium 45.2 - SAA
. Salt, sodium 533.1 0.13 SAA
o -7 Glyceride, sulfated, sodium salt 10.0 0.13 SAA
Amine
© Tallow alkyl amine 5.2 0.24 - SAA
. Hy&rogenatcd tatlow atky! amine 2.6 0.28 SAA
Ethoxylated tallow alkyl amine 1.3 0.55 SAA
N-(Tallow alkyl) trimethylene diamine 3.6 0.30 SAA
Bis(hydrogenated tallow alkyl) dimethyt
ammonium chloride 20.7 0.24 SAA
N-Methy!t bis(hydrogenated tallow
alkyl) amine 2.8b 0.27 SAA
624.8
Oleic acid
Salts
Sodium 1.8 0.20 SAA
Potassium 1.1 0.23 SAA
Acid, sulfated, disodium salt 9.7 - SAA
Esters ¢
Alkyt 1.0 0.21-0.28 PLA
Alkyl, sulfated, sodium salt 7.9 0.28 SAA
Anhydrosorbitol esters (including
ethoxylated esters) 11.7 0.38-0.42 SAA
Diethylene and polyethylene glycol esters 6.9 0.29-0.35 SAA
Glycerol monooleate 2.5 0.36 SAA
Amides
Ethylene diamine, monoethoxylated 4.6C - SAA
Diethanolamides 2.0 0.30-0.65 SAA
Amines
Oleylamine 1.8 0.43¢ SAA
N-Oleyl trimethylene diamine 1.6 0.37 SAA
Alcohol
Oleyl alcohol, ethoxylated 3.6 0.52 SAA
Tall oil
Salts
Sodium 10.0 - SAA
Potassium 1.7 - SAA
Other 7.8 0.23-0.48 DRI
Acids, sulfated sodium salt 0.8 0.24 SAA
Esters
Polyethylene glycol esters 8.5 0.17 SAA
! Anhydrosorbitol monoester 0.6 - SAA
: Amides
‘ Diethanolamides 0.4 - SAA
I Epoxy
2-Ethylhexyl epoxytallate 9.7b 0.24 PLAST
Octyl epoxytallate 15.1 0.26 PLAST
Miscellaneous '
Soybean oil, sulfated, sodium salt 0.3 0.36 SAA
Soybean alkyl amine, ethoxylated 0.9 0.37 SAA
Soybean oll, epoxidized 62.1 0.26 PLAST
Castor oil, ethoxylated 4.3 0.33 SAA
Castor oil, sulfated, sodium salt 7.0 0.33 SAA
Sperm oil, sulfated, sodium salt 6.5 0.17 SAA
Sperm oil, sulfusized 23.0¢ - LUB
Azelaic acid esters 17.5 0.29 PLA
Sebacic acid esters 11.5 0.50-0.59 PLA
Erucamide 1.1 1.28

8SAA, surface active agents; PLA, plasticizers; DRI, driers for surface coatings; PLAST, plasticizer-stabilizer;

LUB, lubricating oil additives.
Sales.
C€Year of 1966.

the -tially hydrogenated product (G = glyceride):
H
G "JC(CHZ)7(CH=CHCII2)m(CHZ),,CHJ—--E—-»
catalyst
GOOC(CHy )5 (CH=CICH,), (CH, ),CH3

where m=1, 2 or 3; n=0, 3 or 6; 3m+n=9;
y=0, 1 or 2; x+3y+z=16

Interusterification

P

. Ihis reaction gives a modified product having a suitabic

P range for shortening.

S e e s oo e e s e © e s e e o oy
v ; FARE RTINS ST 3 SR T

— O
0 NaOCHz P +
— S
r—-S
+ o +
— 0
P = palmitic. S = stearic. O= oleic
s T TN T
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Dimerization NaOH, H,(, a
. CH4(CH,)s CH(OINCH,CH=CH(C114)7COOH ——y

Dimer and trimer acids have found outlets in many 3(CH;)s CH(OICH, - (Clz)y 250( N @

different commercial applications, most important of which ‘ . e s

are the dimer acid polyamides used in epoxy adhesives and ClL(ClE, )« CHCH 4 + HOOC(CH, )5 COOIL + 11, Sy

resins. heat sealing resins and printing inks (7). These acids 3 2)s | a 278 Ll

are also used in making polyesters for polyurethane foams ou ":‘e

and in making lubricants, corresion inhibitors and atkyds. o ] f t

They are gencrally produced by heating oleic acid or talt oil Oxidative Ozonolysis R ‘ i

fatty acids over a clay catalysi (8): Azelaic acid is produced by oxidative ozonolysis o .’ :

acid and is used for making poly(vinyl chloride) plast izt *(

Ofeic ) A . CH,)gCOOH and lubricants. Pelargonic acid, the other cleavage pre ! Xy

Acids ——= C113(CH3)4 is valuable for making jet engine lubricants. o

Linoleic Clay "HoCH=CII(CH,)7CO0N i
' 0, oo

(CH2)4CHy CH 3(cnz)7cu CH(CH3)7COOH et r‘(’)’(‘]‘l’l‘cy‘s'- — Tl

RCOOH | Products |- iy

Dimer acid L

+ other products CH3(CH4)7COOH + HOOC(CH 2),COOIT ;

. _ s

Sulfation , ‘ § i

. T

Reaction of sulfuric acid with the double bond is an UTILIZATION RESEARCH ii

important one in producing textile lubricants, wetting
agents and a fat-liquoring agent for leather. At mild
temperatures, sulfation predominates; at higher tempera-
ture, sulfonation occurs.

RCH=CHR" + H,804 >
H
RCH -i—CHR' + other products
0OSO;H

Nitrogen Compounds

Conversion of unsaturated fatty acids to amides, nitriles
and saturated amines may be illustrated as follows:

A
1. RCOOH + NHj =—» RCONH; + H,0
2. RCON"QTTQI-—PRCEQ + H40

Ha.Ni
3. RCEN 2" RCH,NII,

Amides serve as antiblock agents, as solvents and in
waterproofing; nitriles, in low temperature plasticizers and
yarn lubricants; and amines, as intermediates for surface
active agents and oil flotation.

Epoxidation

- Epoxidized oils useful as a combination plasticizer and
stabilizer for poly(vinyl chloride) and as an active reactant
for making resins are prepared according to the scheme:

11,0,
GOOC(CH:)'; (CH=CHCH ), (CH, )y CH g et
H*

GOOC(CH;)7(CH-CHCH 4 ) (CH;, ), CH3

x=2o0r3,3x+y=9

Alkaline Cleavage

Heating ricinoleic acid or castor oil in the presence of
caustic produces sebacic acid, valuable as an intermediate
for plasticizers, for polyamides such as nylon-6/10 and for
lubricants.

Research on unsaturated vegetable and animal fats g
oils is carried out by the Agricultural Rescarch Servuep +
the U.S. Department of Agriculture at five differer, -
locations (Table VIH). Research on fish oils is conduct 4
by the U.S. Bureau of Commercial Fisheries. A fi.
examples of utilization research accomplishments adopt. ! |
by industry at sometime or another will be cited here, b :
no attempt will be made to document them completel: -
Lists of publications and patents are available from cachy -
the five Divisions. A categorized list of NU publications;:
available from the Oilseed Crops Laboratory of '
Northern Division. Selected investigations will illustrai
current activities.

The Eastern Laboratory has developed epoxidized i
valuable as plasticizer-stabilizers for poly(vinyl chloride:® «

_biodegradable detergents from tallow alcohol sulfates an:; -

a-sulfoacids, vinyl ester polymers and copolymers anii
potential Iubricants and surface active agents from phenyit ;
stearic acid. Investigations on epoxidation, vinyl monomer
peroxy acids, hydroxy acids and <y-stearolactone, curhox’,-i :
stearic acid, alkyl 9(10)-phosphonostcarates and suh‘a:;i
compounds were summarized in 1963 (9). Later investigs! «
tions include reactions of iospropenyl esters (10), surfuc:
active properties of sulfated alkanolamides (11), ﬂamrg'
resistant  polyurethane foams from hypohalogenatel:
glycerides (12) and potential lubricant additives trm“'
N-sulfonylaziridine derivatives (13).

The Southern Laboratory has developed water resistant.:
intumescent fire retardant paints from tung oil (14, H)JnL, g
acetoglycerides for food coatings (16). The acetoglyceride:
have potential use as plasticizers for synthetic resin, |
including polyvinyl resins (17); and cpoxidized acetogly: :
cerides, as stabilizer-plasticizers for vinyl chloride-con
taining resins (18). Plasticizers based on N, N-dimethyr
amides (19) and other N, N-disubstituted amides. (20) hav
been made, and sucrose ester emulsifiers -hive been pre
pared by interesterification in the absence of a solvent (21
This process should make possible the preparation ol .
linoleates of high functionality useful as drying oils.

The Western Laboratory has developed castor oil-based
rigid urcthane foams (22,23) including some with flam¢ ,
resistant  properties (24). Other studies are 10-hydroxy-
decanoic acid by alkaline cleavage of ricinoleates (25), dic:
ricinoleates from dihaloalkanes for polyurethanes (264!
catalytic dehydrogenation of niethyl ricinoleate (27) and oy
methyl 12-hydroxystearate (28,29), synthesis of some:
acrylate esters of ricinoleates (30), chemical modificiatior | ‘
of high oleic safflower oil (31), rates of reaction o'
hexahalocyclopentadicnes with lnne chain nlafine (27 and Lo

-
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§. thermal isomerization equilibrium- between conjugated
-Junconjugated unsaturated keto esters (33).

The Northern Laboratory has developed dimer acid and
«lyamides and polyesters therefrom, inactivation of metal
" -4 naminants in edible oils, selective hydrogenation of
. R.ible oils, linseed emulsions for paint and concrete

‘#watment and crambe oil and erucic acid for various
-dustrial purposes, Current reports include hydroformyla-
§on of unsaturifed fatty esters (34), reactions of azela-
ic :!dehydid'“cstcrs obtained by reductive ozonolysis (35),
s dqisocyanate-modified polyesteramides far protective
sitings {36), potential lubricant additives of plasticizers
9 rom 1,2<cycloaddition of haloalkencs to conjugated fatty
4 sters (37), homogenecous hydrogenation of polyunsaturates
§ 0 cis-monounsaturates with chromium carbonyl (38) and
homogeneous catalytic conjugation of polyunsaturated also
by chromlium carbonyls (39).:

P~

REDUCTIVE OZONOLYSIS

Although oxidative ozonolysis is a well-known industrial
raction, reductive ozonolysjs has not yect reached industrial
sale. Such nonacceptance may be ascribed to a luck of
understanding the reaction, high reactivity of the aldchydic
pioducts, poor yields, but most of all to a lack in
demonstrated  utility for the products. Such products
nclude pelargonaldehyde and methyl azelaaldehydate when
wductive ozonolysis is applied to methyl oleate. For several
years, this reaction and potential arcas for industrial
‘ ﬁ pplication have been investigated at the Northern Labora-

Coeme o e e e

tary,

All ozonolyses are performed in two steps, the first step
xing common to both oxidative and reductive ozonolyses
40). To produce acids, the ozonolysis products are
oxidized; for aldehydes, they are reduced. Both solvent and
teducing agent profoundly affect the results of ozonolysis.
Solvents may be protolytic and react with the intermediate
twitterion or nonprotolytic and nonreactive. The reducing
igent may be hydrogen in the present of a catalyst or it
say be some other chemical reagent.

Mcthy! azelaaldehydate may be obtained in about 90%
rield when methyl oleate is ozonized in methanol and the
s.onolysis products are reduced with zinc and acetic acid
H1). A less costly reducing agent is hydrogen. However,
when the same ozonolysis products are catalytically hydro-

aelualdehydate is only about 70% and dimethyl azelate is
formed in about 25% yield (42). Dimethyl azelate forms
Pecause the methoxy hydroperoxide ozonolysis product
deccmposes on the catalyst surface:

RC(NOOH —— R(l,‘=0 + H,0

OCH, OCH,

It noteworthy that chain degradation, which has been
ot ved during either oxidation or reduction of other
Y. of ozonolysis products. does not occur.

ere are at least three ways to minimize hydroperoxide
e nposition, probably all of which involve some modifi-
Y a of the catalyst’s surface and activity. The first
¢t oys miethanol containing 10% pyridine as an ozonoly-
S nd hydrogenation solvent. Pyridine reduces the di-

13 eyl azelate formation to §5-10%., prevents acetal forma-

\ e und inhibits hydrogenation of residual double bonds
4. 13),

‘ecomposition of methoxy hydroperoxide can also be

mized by a palladium on calcium carbonate catalyst

thai has been poisoned with lead acetate (Lindlar catulyst)

441, Here again, basic conditions, this time supplivd by the

Support, inhibit acetal formation. The lead acetate inhibits

double bond hvdrogenation.
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TABLE V111

Location of Government Utilization
Research on Unsaturated Fat and Qil Commodities

genated over palladivn on charcoal, the yield of methyl -

USA production,

Commidity 1968, million 1b Location®
Soybeal oil 6150 NU
Tallow, grease and lard 5283 EU
Cottonseed oil ’ 1115 SuU
Linseed:oil 307 NU
Fish and whale oil 21 BCr
Peanut oil - 209 .- 8Su
Castor oil 133b wu
Safflower oil 86b wuU
Sunflower oil .- . RRC
New crops® - : NU

aUtilization rescarch is carried out at five Regional Research
Laboratories of the Agricultural Rescarch Service, U.S. Department
of Agriculture: Northern Utilization Research and Development
Division (NU), Peoria, lllinois 61604; Eastern Utilization Rescarch
and Development Division (EU), Philadelphia, Pennsylvania 19118;
Southern Utilization Research and Development, Division (SU), New
Orleans, Louisiana 70119; Western Utilization Research and Devel-
opment Division (WU), Albany, California 94710; and the Richard
B. Russell Agricultural Research Center (RRC), (formerly the
Southeastern Agricultural Rescarch Laboratory SEU), Athens,
Georgia 30601, This new facility is now being staffed and research
programs are being implemented. Research on fish oils is carried out
at the U.S. Dureau of Commercial Fisheries (BCF), Seattle,
Washington.

Consumption in selected products.

ENew crops rescarch includes the high erucic crambe oil from

Crambe abyssinica.

The third method employs an ozonolysis solvent con-
sisting of an equimolar mixture of an alcohol and a
carboxylic acid (45)." The carboxylic acid is preferably
acetic acid, but the alcohol can be methyl, cthyl, n-butyl
alcohol or even 2-methoxyethanol. Hydrogenation procecds
quickly with palladium on charcoal at atmospheric pressure
to produce aldchydes in excellent yiclds (>90%). With this
solvent combination, acetal formation can be a problem
unless the temperature during both steps is maintained
below -15-20 C. Deviation from cquimolarity in either
direction increases the amount of hydroperoxide decompo-
sition to ester.

The three preceding ozonolyses were all carried out in
organic solvents. A more economic ozonolysis medium is
water. Surprisingly, water acts as a reactive solvent and is an
effective ozonolysis medium for unsaturated fatly esters
when the water is present as a water in oil cmulsion
(46.47).. Depending upon hydrogenation conditions und
catalysts, aldehyde yield may be as high as 8977, Decompo-
sition of the peroxidic ozonolysis products, probably
hydroxy hydroperoxides,

R(if(ll)OOll

OH
also occurs during hydrognation, but the product is 4
carboxylic acid and not an ester, The by product is removed
by an alkaline wash.

The aldchydic products have been investigated for a
number of purposes, some of which would seen to have
considerable mwerit, ¢.g., low temperature plasticizers for
poly(vinyl chloride) (48), as intermediates for nylon-9
synthesis (49) and as starting materials for several types of
coatings (50-52).
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. Metabolism of 8-Sitosterol in Man

- Gerawp Saven, E. H. Annens, Jr., and Scorr M. Guunoy e

' From The Rockefeller University, New York 10021 oo ‘ . o .

Ansstract The metabolism of A-sitosterol was com-
pared to that of cholesterol in 12 patients. Sterol bal-
ance methods were supplemented by radiosteral studies,
with' the following results, (@) Plasma concentrations
of B-sitosterol ranged from 0.30 to 1.02 mg/100 ml
plasma in patients on intakes of B-sitosterol typical of
the American- diet. Plasma levels were raiscd little
when intakes were increased greatly, and on fixed in-
tikes they were constant from weck to week. On diets
devoid of plant sterols, the plasma and feces rapidly he-
came free of g-sitosterol. (b) The pereentage of esteribied
B-sitosterol in the plasma was the same as for cholesterol.
IHowever, the rate of csterification of B-sitosterol was
slower than that for cholesterol. (¢) Specific activity—
time curves after simultaneous pulse labeling  with
B-sitosterol-"I1 and cholesterol-"*C conformed to two-
pool models. The two exponential Ialf-lives of g-sito-
sterol were much shorter than {or cholesterol, and pool
sizes were much smaller. Values of turnover for
p-sitosterol obtained by the sterol Lalance methad agreed
closely with those derived by use of the two-pool model.

. ‘There was no endogenous synthesis of g-sitosterol in the

patients studied; hence, daily turnover of p-sitosterol
equaled its daily absorption. Absorption of #-sitosterol
was 56, (or less) of daily intuke, while cholesterol ab-
sorptiom ranged from 45 to 54¢, of intake. (d) About
207 of the absorhed #-sitosterol was converted to chiolic
and chenodeoxycholic acids. The remainder was ex-
creted in bile as free sterol; this excretion was more
rapid than that of cholesterol. (e) The employiment of
#i-sitosterol as an internal standard {o correct for losses
of cholesterol in sterol balance studies is furthier vali-
dated by the results presented herc.

INTRODUCTION

* The fastidious work of Schénheimer (1, 2) in the 1930°s

demonstrated that little if any intestinal absorption of
plant sterols occurs in mammals. In five animal species
Schimheimer found no increase in the total sterol con-
tent of the liver after feeding large amounts of plant

Recewved for publication 17 October 1969 and in revised

forsm 14 Janwary 1970.

sterols and concluded that plant sterols were not 3,
sorbed to any apprecizble extent. These conclu ingg
were sharpened in 1955 by Gould, Jones, Wissler, g
Taylor (3, 4), who addressed the question of f-sito
absorption in moribund patients and in rats with. e
greater sensitivity inlerent in the use of radion. rive
sterols; these anthors estimated the absorption of 1+ .
sterol at less than 59, of the dose fed. In wts Lorg.
strim (5) in 1908 verified these low levels of al or).
tion of g-sitosterol,

However, later investigators (0-9) reached dificien
conclusions: they measured A-sitosterol absorption i,
rats by means of varicus sterol balance procedures ang
ascribed to absorption any difference between oral in.
take and fecal excretion. In this manner they ascertaingd
that up to 509 of the intake was absorbable. Fowever
these workers did not consider that losses of plant
sterols during intestinal transit can he due to bacterial
destruction of the sterol ring, a possibility that to us
seems highly likely (10), ’

Since we have cluimed (10) that g-sitosterol is ap
ideal internal standard to earrect fur degradative loses
of cholesterol in sterol balance studies, we considered it
necessary to reevaluate the question of A-sitostero! ab-
sorption in man. We measured the absorption of g-sito-
sterol by the isotopic balance method (117 and by analvsis
of specific activity-time curves after pulse labeling in-
travenously ((12); we then compared these results
with data for cholesterol absorption obtained simultane.
ously iu the sume patients. Our tiadings agree with the
results of Gould and of Borgstrém, namely, that less
than 53¢ o dictary g-sitosterol is absorbed. In the
course of these studies we oblained other data concern-
ing the metabolism of #-sitosteral in man, such as the
question of its endogenous synthesis (13), its esterifica-
tion and transport in the plasina, and its transformation
into cliolic and chenodeoxycholic acids.

METIHODS
Patients

Studics were carried out on the metabolic ward at The
Rockefeller University Hospital; the age, sex, body build,
and clinical diagnosis of each patient are given in Table 1.
Eight patients had familial hypercholesterolemia with-normal

952 The Journal of Clinical Inéestigatlon Volume 49 1970
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flasma triglyceride concemtrations (type 1I by the lipo-
srutein phenotyping method of Fredrickson, Levy, and Lees

{13]); three patients had clevations in both plasma cho--
Ssterol “and triglyceride concentrations (one type IV and

o type V) ; and oue patient had normal concentrations of
lipoproteins,
Dicts

Food intakes consisted exclusively of orally administered
hquid formmula feedings in which dietary fats contributed

. W7, protein 1556, and glucose 45%% of total caloric intake,

or were fat free (15% protein and 835 glucose) ; vitamin
and mineral supplements were given as described previ-
cusly (16), In cach case the caloric intake was adjusted
to maintain total body weight at a constant level throughout
cach study.

Table JT lists the dictary fats used and the sterof con-
teds of the various formulas, When the plant sterols and
chalesterol were pot inherent in the dietary fats, they were
dssolved in them prior to their incorporation in the formu-
fas duving large scale homogenization (16), Aliquots of
cich formula were repeatedly aunalyzed for sterol content
(17) as tests of formula homogeneity.

Experimental design

(a) Datient Ia. Patient 1 was studied on different dicts
mtwo suceessive years. In the carlier study (1a) a formwla
dict containing tracer amounts of B-sitosterel-22,23-FH was

fed five times daily for B3 days in order to attain the isotopic
steady state (18) for f-sitosterol. During this steady state,
measurcments of the concentration of A-sitosterol in the
plasma were found to be the same by two indepandent
methods, gas-liquid chromatographic (GLC), and isotopic
(sce section Isotopes). After oral administration of labeled
B-sitosteral was discontinued, the cumulative clearance of
f1-sitosterol from the body was determined as a mcasure of
the amount of the sterol retained in the bady,

(b) Doticeis 1b, 2, ard 3. The rates of turnover of
B-sitostcrol and cholesterol in the. plasma were datermined
from specific aclivity-time curves in patients 18, 2, and 3
after simultancous pulse labeling with f-sitosterol-22,23-7F1
and cholesterol-4-C by the intravenous ronte: calculations
of body pool sizes and intestinal absorption of chnlesterol
and @-sitosterol also were made. Conversion of f-sitnsterol
into the primary bile acids was demonstrated on sanples of
bile obtaibed by duadenal intubation.

(¢} Patients 4-8  In these five patients the cfects of
moderate and high intakes of dictary g-sitosterol {dlrsig-
nated as studies a and b, respectively) on plasma eoncentra-
tions of cholesterol and f-sitostern] were asiessnd. Mea-
surements of turnover and pool sizes of B-sitnsterol were
made in patient 4 on the two intake levels,

(d) Patients 9-12, Stools from these patients were ana-
Iyzed for the presence of f-silosterol at a time when this
sterol bad been absent from the dicts for at least 4 wh.
Measurenmients were made hy  gas-ligiid cliemnatngrapiny
(GLC), utilizing the maximuun scnsitivity that we can
presently attain (sce under Results).

TanLe 1
Cliniral Duta

o of
Fatient Idral
No. Initials Age Sex Height Weight Weight* Dingnosist
5r em bs .
1 H T, 57 M 162 46 81 Hyperchalesterolemia (Type 1)
2 M. R. 60 M 167 67 109 Hyperglyceridemia (Type V)
3 C.Z 63 M 181 94 122 Normocholesterolemia, 1HD,§ PVID§
4 M. S. 3T M 167 - 54 23 Hypercholesterolemia (Type T1), 111D,
xanthomatosis
5 J. R 36 ¥ 164 33 98 Hypercholesterolemia (Type 1), 1D,
I'VD, xanthomatosis '
0 . G. 58 - F 147 61 120 Hypercholesterolemia (Type 11, 1D,
xanthoiatosis, essential hypertension
7 JUIL 39 M 172 71 104 Hypercholesterolemia (Type 11)
8§ " N.A 230 VM 170 67 102 - Hypercholesterolemia (Type 1), 11D
9 A M., 60 Fo- 164 66 108 - Hyperglycesidemia (Type 1V), HHD, PVD,
: o . chronic lymphatic leukemia . w
10 E. K. 45 F 159 56 105 Hypercholesterolemia (Type I1), IHD
n TR.W, 41 M - 176 75 102 : Hy]x:rglyccridcmin (Type V), PVD
12 . R.F, 55 ro- 151 61 128 . Hypercholesterolemia (Type 11), 1HD

* :\(:-:Ording to life insnrance tables (14).

henotyping of hyperlipoproteinemia by paper strip electrophoresis accarding to Fredrickson, Levy, and Lees (15).,
1D, fschemic heart diseasc: VD, peripheral vascular dizense, :

i v . . i
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: Peried | o - Perod 11
Dietary fait aud duration . — -
Pationt Cat/day* of study {(days) * Cholesterol . #-Sitostesof Cholesterol a-Shwostesol
) mg/day mg/day nmg/day . ng/day i
1e§ 2000 Butter oil (1-40; 111-36) 285 0 35 - 620
. Corn oil (11-83) ' <
1® 1800 Lard (129) 402 242 e s
2380 Lard (134) 565 . M2 S —
3 2400 Lard (123) 685 415 - -
4 2280 Cottonseed oil {170) 3 320 31 1909
5 1875 Butier oil (176) 285 125 ) 315 . 1166
[ 20602 Cottonsced oil (170) 33 293 . 33 6488
7 2688 - Butier oil (184) 452 192 420 6211
8 2375 Butter oil (224) 378 166 380 G184
9 2100 None (42} 35 0 — —
10 1900 Butcer oil (40) 50 0 -— —
11 2800 None (55) .30 0 . _— —
12 2000 Fep volk fat (83) 2100 0 — —_

* Ty maintain constant body weight.

{ In fat-containing formulas fat calories = 409 of total caloric intake.

§ Patient 1 was studivd on two orcasions in successive years. In the carlier study he was fed B-sitosterol-22,23-41 daily during
period 11 in periods Tand HI he was fedd @ batter oil formala free of g-sitosterol.

fUhis butter oil wis subjected to molecular distillation for removid of free cholesterol (Distillation Products Industries,

Rochester, N Y.).

Isotopes

B-sitosterol-22,23-°1T was prepared according to the method
of Stecle and Moscttig (19). In this procedure the starting
material, i-stigmasterol methyl ether, was prepared by D,
M. J. Thompson, USDA, Beltsville, Md.; it was reduced
with tritiwn pas by Dr. G, Gupta of The Rockefeller Uni-
versity, and the reduction product was converted mito the
acetate of f-sistosteral-22,23-H by Dir. Thompson. We hy-
drolyzed the sterol ester und isolated the free labeled sterol
by thin-layer chromatograply (TLC) on Siliea Gel G with
hieptane : diethy] ether, 201 The finat prodact had a specific
activity of 400 mCifinmale. Choiesterol-4-"C was obtuined
from New England Nuclear Corp.,, Buston, Mass. Both la-
beled sterols were shown to be better than 997 pure by
TI.C on Tlorisil (Floridin Company, Tallahassee, I'la.), in
the system diethyl ether in-heptune, §5:45. Measurements
of radicactivity were made in a Packard Tri-Carb Scintil
lation Counter, model 3003, (Paclasd lustrument Co., Inc,
Downers Grove, 11L) as previously deseribed (17).

Patient la ingested fi-sitosterol-2223-°1T (213 #Ci, 620
mg) daily for a period of 83 days. At the time of homogeni-
zation the tracer sterol dissolved in 10 mil of cthanol was
added to 40-kg DLatches of formula contuining neulabeled
p-vitosterol in coro oil. A conutant intake of isolopically
labeled sterol was assured by feeding the same amount of
formula cach day (five divided doses).

Patients 1b, 2, and 3 were given a mixture of g-sitosterol-
22,23*H (136 uCi) and cholesterol-4-"C (Y0 uCi) as a
single intravencus pulse at the bLeginuing of their studies.
Patient 4 was given a mixture of g-sitosterol-22,23=211 (50
uCi) and clolesterol-4-*C (27 pCi) during the first study,
and g-sitosterol-22,23-11 (110 xCi) and cholesterol-4-*C (90
uCi) during the second study, In all cases the radiosterols

were dissolved in 1 it of ethanol which was then dispersed
in 150 wl of physiologic saline; the dispersion was il
ately infuced by vein.

Steroid analyses

Pecal steroids?  Complete stool collections were made
throughout cach study and combined into 4-day pools. L'ect
neutral and acidie steroids were isolited  separately, sl
their masses and specific activitivs were measared by e
ods developed in this luboratory (17, 20). These TLO nad
GI.C procedures permit the casential distinction to he ke
between plant sterols and chiolesterol, and hetween the o
families of bacterind conversion products derived from pion
sterols ad cholesterol during intestinal transit (58,34 Ol
and §,3-keto-compounds ),

Plasa, crythrocyte, and bile stesoids. For analysis of
cholesteral and p-sitosterol in plasma, erythrovytes (REC),
and bile, it proved expedient tomedily the fecal weutrad
steroid procedure in several ways. fecause the accmuey of
the results in s study depends upon the analysis of swall
amounts of g-siwosterol in the presence of large anmonnts of
cliolesterol, we present this procedure in some detail,

1 nml of plusma, packed REC, or bile was reflaxed for |
e with 20 mb of ¥ NaOl in 9095 ethanol; after reiluxiag,
water (10 ml) was added 10 the slkadine saponification mixe
ture, and uonsaponifiable components were extracted tiaee
times  with 50-ml portions of petrolemm ether, ¢0-80°C
(PE). The combined PL extructs were evaporated to deyns
in a round-Lottoni flask, and the residue was redissolved i

YThe term steroid is used in preference to sterol becaust
significant amounts of ketonic metabolites of cholesterol wil
of the plant sterols are usually present in the neutral and
acidic fractions of the fecal lipids.

954  C. Salen, E. H. Ahrens, Jr., and S. M. Grundy - :
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<00 ml of cthyl acetate comtaining 350 pg of Sa-cholestane.
4 m! of this solution was utilized for rﬂdi():l(‘(ivi!y counting,
The remaining I ml was taken for sterol :ln.‘l,)‘.SIS by G1.C;
solvent was  cvaporated mud  the trimethylsilyl  (TMS)
ohers of the sterols were formed by addition of 50 xl of
TMS reaction mixture (Sil Prep, Applied Science Labora-
rics, State College, Pal), Generally, about 3 ul of this
mixture was analyzed by GIC; this was cquivalent to ahout
1% (175 X 3/50) of thc nentral sterols in the oripinal 1 ml
sunple of plasma, packed RBC, or bile,

Much greater sensitivity was required for analyses of
materials oltained from patients fed dicts free of g-sitosterol,
In these cases the neutral sterol fraction was coxtracterd as
described above from 1 ml of plasma or fecal homogenate
and dissolved in 100 ml ethyl acctate containing 70 pg of Sa-

cholestane. This in turn was concentrated in the tip of a

anall conical tube during the evaporation of solvent; TMS
cthers were formed by addition of 5 p1 of TMS reactinn mix-
wre. As much of this mixture as possible was then injected
into the GLC column, wnd the analysis of the f-sitosterol
derivative was accomplished at the maximum  instroment
sensitivity consistent with aceeptable base line noize, Under
arr conditions a peak for TMS&-f-sitnsterol 2 X base line
roise was cyuivalent 1o no more than 03 ng per ml of plasma
or per g oof fecal homogenate,

Quantitative analysis of 'TMS cthers of cholesterol and
#ailosterol was carricd ont by GLC on 4-ft columns packed
with 147 DC-560 (Applicd Science Tabotatories) at a col-
i temperature of 240°C with a flame ionization detector,
Foand M Biomedical Gas  Chromatograph, Model 400
(Fand M Scientific Corp,, Avotdale, Pad s these columns
bad 2000-3K10 theoretical plates for TMS-cholesterol, In-
dividnal peals areas were measured by clectronic mtepration,
Model CRS-100, (Infotronics, Inc, Venston, Tex.). Be-
e of the large excess of cholesterol relative to g-sito-
serol in all samples, the sensitivity of the GLC detector was
usually increased 32-fold after emerpence of the cholesterol
Feak. The two sterols were individoally quantificd by relatime
their peak arcas to that of the internal recovery standird,
Su-choledtane: correction factors are not required (17,
In tects with standard mixtores of these two sterols, we
found we could reliably measure 63 ng of f-sitosterol per
mlof plisma ar per g of fecal homogenate, in the presence of
larze excesses of cholesterol,

In the analysis of bile, neutral sterols were removed by
exlraction with PE, and the unconjugated bile acids were
Bafared from the aqueous alcohol phase after afkaline hy-
droly-i: of the conjugated acids according to our method for
soliion of foeal acidic steroids (20). The methyl esters of
th Cihiydroxy- and dihydroxyeholanic acids were isoloted
o Silica Gel 1 in the system chloroform: acctone
ol el 7002505, and the specific activity of ecach  bile
@ cdass was measured, For quantification of bile acids
be 0 ooft columns containing 196 THELE 8B (Applied
Coe Faboratories) were used at 230°C; they offered
Aree 3000 theoretical plates for TMS  chenodeoxyehotic
marl ester, with a separation factor of 1.10 between this
41 - tive and that of deoxycholic acid.

Crce and esterified stevols v plasma,  The lipids in 2 mi
of 1jasma were extracted into 38 ml of chloroform: mecthanol,
Z1i During evaporation of solvent small quantitics of cthanol
wooe added to facilitate the rentoval of water; the residue

Wi rodissolved in exactly 15.00 ml of ethyl ncctate, 10.00

tl was taken for TLC on 0.5 mm Silica Gel 17 plates; tha
"l‘\’tfnpinq system contained petroleum ether: cthyl cthor:
acetic acid, 85:15:0.5, in which free sterols have an Rf of
0.30 and esterified sterols 0.9, The free and esterificd sterols

¢

were collerted separatelyaccording to the method of Gold-
rick and Hirsch (21), and measurement of sterol content was
made by GLC after saponification and TMS-cther forma-
tion, as described carlier in this paper.

Calculations

Corrections for nculral steroid losses. Corrections for
losses of neutral steroids during intestinal trausit and for
variations in fecal flow rates were made with nonlabeled
dictary plant sterols as internal standard (11m).

Cholesterol absorption.  The absorption of dictary cho-
lesterol was measmed as the difference between dictary in-
take and wnabsorhed dictary neutral steroids in feces. The
latler quantity was obtained by the procedure designated as
Method I in this laboratory (22) : unabsorbed dictary neu-
tral steroids equal total fecal neutral steroids {determined
by chromatographic methods) minus fecal neutral steroids
of cudogenous orizin (determined by the isotopic halinice
technigue  after  intravenous  pulse labeling  with  radio-
active cholesterol ),

RESULTS

B-Sitosicrol in feees of paticnts fed diets free of
B-sitosterol.  If f-sitosteral is synthesized by the bady,
it should be excreted in the feces continuously; the mag-
nitude of this endogenous synthiesis will be mpst clearly
defined when the diet is free of plant sterols. With these
considerations in mind we atfempted to measure f-sito-
sterol in the feces of patients 9~12 who had been {nd
formula dicts free of this stevol for periods longer than
4 wk. Diets and feces were analyzed, and no d-sitosterol
or its hacterial transionnation products could be detected,

Sinee 65 npr of B-sitosterol per mb of plasima or per g
of fecal homogenate can be reliably rcasared by our
GLC techniques, we can conclude that excretion of
fi-sitosterol in patients 9-12 was less than 10 ng/day
(the daily weight of feces of these patients ranged from
70 to 150 ¢). Thus, it appears improbable that these
patients synthesized more than 10 pg of g-sitosterol per
day.

Measurcment of cholesterol and B-sitosterol concentra-
tions in plasma and RBC. Table I presents the re-
sults obtained for plasma and RBC levels of chiolesterol
and g-sitosterol in patients 10, 2, and 3 who were fed
dicts in which the amounts of cholesterol and f-sitosterol
approximated those of the average Amcerican dict. Men-
surements of plasma cholesterol and B-sitosterol concen-
trations were made twice weekly for 9 wk, as well as
measurements of levels of RBC sterols. The averace
concenitrations of plasma cholesterol ranged from 226
to 300 mg/100 mi, and of plasma #-sitosterol from 0.30
to 1.02; thus, the 1atios of cholestero! to f-sitosterol in
plasma ranged from about 300-800 to 1. The relatively
small standard deviations of the means for plasma con-
centratious of cholesterol and B-sitnsterol indicate a hich
degree of constancy of plasma levels of these two sterols
throughout each study. RBC concentrations of cho-
lesterol varied from 105 to 131 mg/100 ml of packed

g-Sitasteral Mctabolisin in Man 035
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[N

B-Sitosterol

.. Cholesteral

" “Cholesterol/g-sttosteral
Patient Diet Plasma REC ‘ Diet- » ‘l'l;«smé Do RbC . Plasma rpe
mg/day mg/100 mi* g/ 100 ml my/day 1.nx/"l()0_vnt‘:.;i . mg/100 : -
, pucke.d cells® F packed celly* R
1% . 242 1.02 £0.06 0.40 4:0.0 402 - - - 287 4-10 131 9 . 286 T 328
(18) o) - | (18) ©) .
2 342 0.51 :0.02 0.17 565 287 9 . 105 564 ‘ 617
| as) @ 7 a @
3 415 " 0.30 4:0.05 0.17 685‘ 226 412 . 129 786 758
(18) ) (18) e)
da . 320 0.90 4-0.07 0.29 31 300 410 120 350 413
(20) ) (20) (2) :
4b 1909 1.73 015 0.88 34 254 +:6 129 - 150 11y
(19) 3 17) 3)
56 125 0.80 285 448 560
Sb 7166 1.46 315 ] 354 7 242
64 293 0.73 33 267 - 366
ob 6488 1.25 33 198 I 1
Ta 192 trace 452 - 196 . -
7b 6211 0.46 420 - 156 . . 339
8a 166 0.42 378 132 314 .
ab 6481 . 0.60

380 102 170

* Meun £sp. Figures in parentheses indicate number of determinations.

cells, and p-sitosterol concentrations from 0.17 to 040
mg/100 m] of packed cells. The cholesterol to g-sitosterol
ratios in RBC were nearly the same as those in plasma,
sugpesting a free exchange of both sterols between
plasia and RBC,

In five patients (patients 4-8) who received f-sito-
sterol at two levels of intake, concentrations of B-situsterol
in plesna were consistently higher during the period
of the higher intake; but, despite eightfold or greater in-
creases in intakes of g-sitosterol, plasma concentrations
inereased less than twofold. The increase. in plasuia
fi-sitosterol during the greater intake was associated
witht & similar increase in RBC g-sitosterol {patient 45),
and again the ratio of cholesterol (o f-sitosterol in RBC
was the sume us that of plasn.

A comparison of the degree of csterification of f-sito-
sterol with that of cholesterol is presented in Table IV,
Three paticuts (1b, 2, and 3) were pulse labeled simul-
taneously by the intravenous route with g-sitosterol-*1T
and cholesterol-*C, and the distribution of labeled sterols
in the frce and esterified sterol fractions of plasma was

95

.

analyzed 30-39 days after administration of isolopes;
Tabieled g-sitosterol was found to be esterified to the sime
extent as labeled cliolesterol  (60-75¢,. esteritied). In

patient 4, measurenents of the free and ester ratios of

the two radiusterols were begun earlier. Differences in
esterilication rate were most noticeable during the 1st
few days; in this patient #-sitosterol appeared o e
esterified at a slower rate than cholesterol.

The attaimmnent of the Lsetopic steady stule for f-sito-
sterel,  1n another experiment designed to examine
whether, f-sitosterol was synthesized endogenously, pa-
tient ta received a diet free of g-sitosterol (07 butter
oil) for -0 days in period 1. After 1 wk and throngh-
out the remaining 5 wk on the g-sitosterol-free formula,
we found less than 65 ng of g-sitosterel per mi of plasma
or per ¢ of feces. :

In period TL (83 days) the patient was given a formula
diet containing 40¢, of calories as corn oil in which
B-sitosterol-22,23- 11 had been incorporated during its

manufacture; cach duy the patient ingested 620 mg of’

B-sitosterol of specific activity 74245 dpm/mg. On the

G G. Salen, E. II. Alrens, Jr., and S. M. Grundy . - ‘




blbn.

parta

b

i

e

RS

S

!

R R ——

RPN,

Rl

“ad day of this regimen radioactivity was detected in
te plasma; it rose to rcach a constant level of approxi-

"\ﬂcly 1000 dpm/ml plasma in about 2 wk (Fig. 1).

The platean in plasma radioactivity persisted for the

 renminder of period 1L, suggesting the attaimment of the
~§ i-otopic steady state (18). ‘

During this period when plasma levels of radioactivity

F were constant, the average specific activity of plasma
| 1sitosterol (calculated from plasma radioactivity and

1ss measurcment of B-sitosterol by GLC) was 76,149

;\!lnn/mg for the last four determinations (Table V).
* [his aprecs within 395 with that of the dict (74,245

spmmg). The near identity of specific activitics of
prama and dictary f-sitosterol is added evidence that

- {his patient did not synthesize f-sitosterol; if synthesis

il neeurred, the specific activity of plasma g-sitosierol
would have been less than that of the dict, because of
dildtion of radioactive B-sitosteral in the plasma with
tat newly synthesized. Furthermore, during the same
In day period, measurements of the specific activity of
tie fecal neutral steroids derived {rom f-sitosterol
wgreed with those of plasma and dictary B-sitosterol

¢ specific aetivities within 25¢¢ (77,840 dpm/mg #:1743:

mean =sb in five successive 4-day stool collections).
These findings, cspecially when coupled with the ab-

eyce of p-sitosterol in plasma and feces during the

Ssitosterol-free dict of periods 1 and 11, ave taken to

TasrLe IV
Distribution of g-Sitosteral-MI and Choleslerol-C
tn Frec and Ester Froclions of Plasmae

Time #-Sltosterol Cholesterol
R alter et e —
Pationy isotope Free Ester | Free Fster
days % %
1t 35 3 09 28 72
39 33 67 27 13
2 30 40 60 30 64
35 ) 39 61 33 67
N 30 Y 72 26 71
35 30 70 28 72
IEY 4 40 60 ‘ 32 68
8 35 - 65 - °29 1
12 28 <72 28 72
15 29 71 29 2!
an 1 70 30 s6 W
2 53 .47 A3 57
5 39 61 | 34 6
6 1 69 3t [
RS Ti| | o 370
14 29 71 30 70
e =z -

Pafient 1o
- 1400} . :
I i it
° P
€ 1200} 1
3 ...
3 - hd Y . -
- . *
_é ‘IOOO" . ‘e . .
L] L)
. - -
5 . .
Q. - .
<+ 8001~ :
.41 .
| aud -
e
% 600~ N
g -
“7, i
400}-
Q L]
E I~ -
& 200
. corn oil +3 .
butter oil B-sitosterol~"H butter ail
1 4,

A A, 1. " | L L A L 1, 1 A L ] h3 A
10 2030 40 60 BO 100 120 149 €0

Days )
Ficure 1 Isotopic steady state for g-sitosterol"H (patient
1a). In period T a butter oif formula free of p-sitosterol was
fed; the plant sterol was nat detectable in plasima or frces
after 3wk, During period JT a corn ofl formula that fur-
pished 620 mgfday of f-sitosterol-"H was fed; the isotopic
steady state was attained in about 30 days. When the intale
of f-sitosterol was | discontinued  {period TUL), the radio-
activity in the plasma rapidly declined, and in 4 wk nn-
labeled B-sitostern]l was no Jonger detectable in plasia and
feces. In period H, 226 myg of g-sitosterol recovered in the
feces was demonsteaterd to represent the total body pool of
g-sitosterol in period I

indicate that endogenous synthesis of f-sitosterol did not
occut, ’

In period TII B-sitosterol fecding was abruptly dis-
continued by returning to the hutter oil formula of pe-
riod 1. Plasma radioactivity declined sharply from 1000
to less than 150 cpin/ml of plasma after 30 days; by
GLC the mass of f-sitosterol in plasma and feces {ell
to the hase line limits noted in period I (Fig. 1), In
the first 16 days of period IIT 369 mg of B-sitosterol was

excreted in the feces; thercafter, our most sensitive as-

says failed to detect this sterol, We estimate that 143 mg
of 309 myg represented f-sitosterol which lagged behind

in the bowel after its feeding in period 10 had been dis-

continued.® The difference (369 — 143 =226 mg) was

* Chromic oxide (300 mg/day) had been fed as an inert
marker during period 1L (23). The ingestion of #-sitosterol
and ehromic oxide was discontinued simultanconsly at the
ciel of DPeriod I1; thereafter, 69 myg of chromic oxide was
excreted in the feces in the first 4 days of period 111 and
none thercafter, Since 69 my of chramic oxide is eynivaleni
to 2300 of T day’s intake, we liave assumed that 2376 of the
fast day's intale of g-sitosterol during period- 11 was ex-
creted in the feces during the lst days of period TI1; 2377
of 620 myr (1 day’s intake) == 143 my. )

. p-Sitosterol Metabolism in Man us7
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TapLe'V. O el
R Plasma §-Sitosterol Concentrations Deterviined by GLC and Isotopic Methods in Patient 1a, - ¢ " ‘
b R L0 b fi-Sitosterol-22,23311 Daily for 83 Duys (Periad 11) . )
Plasma g-Sitosterol "
Dilference In * *
, Time . - concentrstion
o - ’ after Concentration . Coizccnu'athm" o {GLC va,
’ start of ~ measured . calculated - isotopic
Period 11 by GLC Radloactivity © Specific activity isotopically + . calculation)
days mg/100 wml [ dpim/ 100 mi dpm/mg o ) mg /100 nid L4
- 8 0.91 79,100 86,923 e, =17
i, L 83,200 74,955 ; Lz e
15 1.37 ° 93,500 68,2418 '~ Co120 0 - +4-8
18 1.22 88,900) 72,808 1.20 -+2
. 29 1.38 104,100 75,434 1.40 -1
- 32 1.26 98,000 17,778 1.32 T -5
36 1.28 180,504 78,510 1.35 -3
Average of . !
- fast 4 values. . . . 1.29 3:0.06 97,875 :4:6,186 76,149 2,551 1.32 £0.08
* Plasma g-sitosterol concentration caleulated by dividiag plismia radioactivity (dpm /100 ml)
by specific activity of dictary f#-sitosterol (74,245 dpm/mg). .
- AAualysis of B-silosterol turnover by the isotopic bal.

taken to represent the total body poal of f-situsterol
fluxing from the body after removal of fi-sitosterol irom
the dicet,

- ‘ e fact that no further g-sitosterol was excreted in

the feces or foend in the plasma after 30 days on a
f-sitosterol-free dict is offercd s evidence that the syn-
thesis of #-sitosterol in this man was not repres<ed by
the p-sitosterol absorbed in period 1L
TaprLi VI
Measurement of B-Situsterol Turnuier by the Isolopic Bulance
Method after Pulse Labeling with 3-Sitosteral 41
- Turnauver
Neutral Acidic (neutrul
Putient -+ steroids* storcids* REE
. . - wmgfday mg'/Ju& mgfiay
Mo 1) 7.82 2.25 10.07
' , j ()
. C 2 0 1as T ds 8.60
, @
3 6.34 2.31 8.65
@ .
4a s.o0r 0.7 5.18 .
o (0)
. © b 1301 0.08 13.98
s | L )

* mgfday = dpm/day in cach fraction of fecal steroids
+ dpm/mg of plisma g-sitosteral 2 days carlier. This 2 day
e . interval represents the average transie time for intestinal con-

s tents to pass through the intestine (23)

s

ance method. The turnover of B-situsterol in patiem;
1, 2, 3, 4e, and 4b was measured by the isotopic bilane
method after pulse labeling with g-sitosterol-22.23.1;.
“This caleulation was based on the assumption (prove
true in scetion 33 that thie specific activity of the fec
neutral steroids derived fram g-sitosteral s the sawe =
the specific activily of pluua g-sitosteral. Thus, the
daily excretion (milligrams per day) of neutral aw
acidie steroids derived from f-situsterol ean he exlon.
Fated Dy dividing the toral nwnber of disitegration

per minute of tritimn excreted per duy in eiach feat -

steroid fraction by the specilic activity (dpinsmg) o
plsia #-sitosterol,

The values thus obtained are shown in Table V1 &34
mg/day were cxcreted as neutval steraids and 006323
mg/day as acidic steroids. Tn the etabolic steady st
the sum of the fecal neatral and acidic steroids reflecs
the daily turnover of #-situsterol (since all other ¢x
cretion routes are trivial in man except in Dilkiry
obstruction, in which the excretion of bile acids via

. the kidney may be sizable). ‘ .

“The isotopic balnce methad also provides a me-
sure of daily bile acid synthesis fcom A-sitosterol, for
in the steady state the dJaily excretion of {fecal acidic
steroids is equivalent to their daily synthesis. Dutients
1, 2, and 3 formed 2.25, 1.45, and 2.31 mg ol bile acis
from f-sitosterol each day, respeclively. In contrast, this
conversion was almost inmeasurable in patient 45 3
shown, this patient also converted very small amounts
of cholesterol into bile acids. e

958 G. Salen, E. H. Ahrens, Jr., and S. M. Grundy
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Fumure 2 Specific activity-time curve for plasma f-sito-
sterel after pulse Iabelivg intravenousty with p-sitosterol-"1L

£ A two pool madel is sunrested by ‘the enrve-peeling methed

the difference values (small crosses) obtained by subtracting
the poimts o the extrapofated line from the experimental
points fit a straight Hoe.

Analvsis of sterol twrnover and ool sizes by the fwe
poel ineddel, i the four patients pulse labeled by simul-
tancous intravenous administration of f-sitosterol-22.23-
" and cholesterol-4-"C, specific activitics of each of the
sterols in the plasma were measured twice weekly,
Specific activity-tinte curves for cach of the sterols in all
four patients showed iwo components: a rapid non-
finear ducline followed by a period of more gradual, bat
log Tinear decay (Figs. 20 3). When these four scts of
aurves were anatvzed mathematically by the equations
given by Goodman and Noble (12), each curve cou-
formed to that described for a two pool model, Ac-
cordingly, we have calculated values for turnover and
pool sizes for each of the sterols (Tables VII, and VI,

The eurves illustrated in Fig. 3 show that in cach casc
the tmnover of f-sitosterol was more rapid than that
of chelesterol, This comparison is given numerically in
Tal'o . VI and VIII: the average value for the ti of
the 1ot exponential for cholesteral was 1.6 times longer
thai that of B-sitosterol; the ¢ for the second exponen-
tish s 3.5 times longer than that of p-sitosterol. "The
mare rapid disappearance of labeled p-sitosterol previ-
on:ly demonstrated by Gould et al. (3) can be ascribed
in -1 to the smaller hody pool of f-sitosterol ; however,
in the pext scction. we shall present evidence that
Bsitosterol actually is excreted preferentiatly.

Ir these four patients the plasma f-sitocterol con-

centration varied from 0.3 to 173 mg/109 mt, a fivefold
vatiation. Yet, (he nairow range of variation of the
two exponentials of radioactive A-sitosterol indicatcs

2

that the kinctics of “B-sitosterol turnover were very
much alike from patient to paticnt. Indecd, in paticent 4

~who was tested during periods of low and high dietary

intakes of B-sitosterol, the two sets of half-lives of
p-sitosterol were almost- identical, cven though the
plasma concentration of #-sitosterol had doubled.

Estimates of B-sitosterol absorption. When the val-
ues for turnover of B-sitosterol derived by the two pool
model (Table VII) were compared with the values ob-
tained by the isotopic balance method (Table V1), close
agreement was observed. Since all available evidence
leads us to conclude that g-sitosterol was not synthesizerl
by our paticnts, it becomes clear that in the metabolic
steady state the daily turnover of A-silosterol cquals
the amonnt absorbed each day from dietary sources
(Fig. 4). When these four patients ingested 242 to 443
mg of B-citosterol per day, the absorplion of f-sitosterol
varied from 6.5 to 12,5 my/day according te the two
pool madel, and 5.2 to 14 mg/day according (o the 130+
topic balance method; the differences are not sienif-
cantly different (Student’s ¢ test), Patient 4 absorhed
5.2-7.0 wg/day out of n daily intake of 320 mg. anl
and 13.5-14.0 mg when the diet contained 1909 m/day,
a doubling of absolute absorption with a sixfold in-
crease in intake,
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Fioure 3 Comparative specific activity-time corves for
plasma sterols after pulse labeling intravenously  with -

sitosterol-"11 and cholesterol-¥C
tients. In each case the decay of
than for cholesterol, indicativg

. B-sitosterol.

simultancously in four pa-
B-sitosterol was more vapid
a more rapid tmnover of
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Equilibration of Labeled Sterols Belwees Plusma, RBC, and Bile ¢fter Pulse Labeling h:lu:xzwuuu!y' ol 5}
Time A ’ Av-“ ' - . ;'
after ; : £
. Pulse ejﬂ!y.:’!l'_ﬂ:\: . Pedicotl BA s é;a(m.-'ll SA ‘ - §
Patlent ' Labuling chol B SA IS Tk sa WM . el AN 0 e 5
days I dpm rativ D dpwm ratio ©l dpm ratio - i
per ml plasma ber mil b per ml bile 3
- pacled colls . B .
10 27 313,732 0.40 — ' — 235,143 ° 1.00
, 3,023 O . . 2,820 : :
3 255,219 0.35 281,335 0.33 266929 . 095 :
2,477 2,491 o 2438 ‘
41 140,707 0.27 153,457 0.32 130,576 .82
2,097 2,056 1,877
49 101,981 0.24 132,990 0.24 92,747 0.64
1,879 1,805 1,915
56 90,156 0.20 116,909 .20 86,617 .56
1,602 1,510 1,525
63 71,239 0.18 80,855 0.21 67,315 0.47
1,419 1,342 ‘ 1,424
2 30 191,498 0.23 — — 176,998 0.68
1,134 1,165
12 136,200 Q.15 — — 132,000 0.44
820 0v5
3 25 437,691 0.36 — _ 410,010 0.81 !
1190 (ALY !
51 114,670 0.23 126,411 0.24 110,018 0.59 f
715 670 ' 678 {
58 74,187 .20 83,333 ’ 0.18 72,452 0.42 ;
658 785 . 587 :
*SA = dpm/mg.
TABLE X ])IS(}[ISSION

Conversions of B-Sitasterol-311 and Cholesterol-AC into
Bile Acids after Pulse Labeling Intravenously

eosy and
chenoite-

oxycholic

Time .
ufier Plasina Cholic acit acids
pulse B e i B
Labeling 111 e R He 3 uwe
ys dpm/mgof dpm/mg dpmjmg
total ucutral sterols bile acids bile acids
7 1220 3022 1140 kX314 L] 3000
1 871 2486 990 2680 863 2552
1 565 2106 (7Y 1964 745 FBUO
L 4G4 1889 5138 1610 502 1530
1] 333 1607 4206 1500 478 1420
3 265 1453 — — 364 1120
2 127 820 212 645 127 550
’ 429 1100 270 1016 426 1450
< 171 s 250 730 178 634

- b N

Daily turnover of B-sitasterol by two wmetheds. la
the present studies the turnover of B-sitosterol wus in-
vestigated in four patients by two independent metheds,
Analysis of the decay curve of plasma specific activity
of p-sitosterol aiter pulse labeling intravenously iadi-
catedd that the turnover of f-sitosterol conforus Lo a two
pool maodel, just as in the case of cholesterol. According
to the theory of the two pool model (12) the daily
production rate of g-sitosterol (PRa) should equal the
amount of new #-sitosterol which cnters the more rapidly
exchangeable pool (poal A, Fig. 4) exclusive of recireu-
lated sterol. Tn five studies of {our patients the rate oi
turnover caleulated in this wanner varied from 6 to 14
mg/day. In the same patients turnover data were ol
1ained independently by application of the isotopic bab-
ance method (11): here, the daily turnover ol B-sito-
sterol ts equal to the sum of the excretion of radioactiviey




NP

. the fecal nentral wnd acidic steroids derived from
sitosterol "I administered  intravenously, divided by
¢ specitfic activity of plasma f-sitosterol. Values for
« total daily feeal excretion of neutral and acidic
croide derived by the latter method were ahnost
wptical with values for turnover ealenlated by kinctie
-alvsis of the two pool model. This close agrcement
{data obtained by two independent methods appears

-y validate the assumptions on which both technigues

re based.

Evidence for lack of endogenons synthesis. We have
pesented four Tines of evidence that f-sitosterol was
ot synthesized in our patients. (a) In five patients fed
hets free of p-sitosterol, the feeal neutral steroid fraction
w free of p-sitosterol, 24-cthyl coprostanol, and M-
awl coprostanone, We use the term “irce” operation-
v, 71 the wense that the sensitivity of the analytical
herls uzed in the present work sets an upper con-
centration Jimit of 65 ng of B-sitosterol per ml of plasma
Cper ¢oof homogenate, (B) When patient e was fed
drasterol labeled  with g-sitosterol1T of  eapnstant
seeifie activity, plasma fegitosterol specitic activity
woached the same level as that of the sterol fod, 16
tdmsterol had  been  synthesized  endogennusly,  the
ceetiis aetivity of plasia Bositosterol would Tnive been
wer than that of the fed sterol, reflecting dilution by
aradiooctive f-sitoterol produced endogenoustv. (¢)
fohis patient the specifie activity of the fecal pentral
roids derived from Besttozsterol was ddentical with
fat of the sterol fed. This correspondence would not
e leen abtained, hul endogenous synthesis of B-sita-
ol veenrred in the intestinal mucosa, () T Gve stod-
Yo Hoear relationship was noted hetween the amonat

itsitesteral absorbed per day and that retrined in the
Fady ks line extrapalated to the zero intersect.
Turnecer = absorption.  Since all our cvidence con-
bl the widely held belief thiat g-sitosterol is not syn-
sizel endogenously in man, the only entry into pool
Vet have occurred throngh absorption of exozenous
“sileornl, Therefore, daily turnover of fsitosterol
cady state, whether ealculated by analvsic of the
i mode! or through applicdion of the isotapic
method, must equal daily absorption. Table VI
e it G-14 myg of p-sitosicral was absothed ench
Gy . 1625 oo of the daily intake. These very low
“hi. for percentage absorption directly confirm the

ey s estimates of Gould (3, 4) and of Dorgstrém
(3.

Y s

b,

B vogtopol as tuternol standard for sierol belance
Mmoo Previons investigators (6-9) attempted to de-
“rinice the absarption of f-sitosterol in rats by the
Wethol of sterol balance and reached verv difierent
Unclisions from those presented here, They aseribed
to shsorption the differences between intake and fecal

output; these balanee differences ranged from 22 to 5374,

Jut it is our beliel that lesses of this magnitude were
more likely duc to degradation of the sterol ring struc-
ture during intestinal transit (10). In the present study
in man, two patients (2 aud 3) showed appreciable losses
of nonradioactive dictary f-sitostero] hy the sterol bal-
ance method (35 and 37¢7, respectively), while in
a third patient (1) the entire intake ol dictary
f-sitosterol was recovered in the feces, Despite these
large dilferences in recovery that we have ascribed
(10) to varying degrees of degradation of the sterol
ring structure in different patients, the calculations of
daily absorption from kinetic nualysis of the two poal
model were remarkably similar in all three paticnts.
Therefore, we have concluded that the absorpticn of
f-sitosternl cannot be accurately measored by sulitiaeting
fecal nutput from dictary intal:e, Inedeed, 2ll of the findg-
ings in the present sturly reinforce one reliance on the
use of nonradivactive dirtary fsitosterol as an internal
standard in sterol baluice studics to correct for lasws
of cholesterol during intestinal transit: first, endozenons
syuthesis of B-sitosterol apparently dors not ocene in
man, and sccond, its absorption in the hnmem intesrine
is quantitatively so smnall (<059, of iptake) that it
meets all the criteria of an ideal internal standact for
halance studies on sterols (10).

Differences tn metabolisin of cholesteral and f2-sito-
sterol, The prezent data craphasize coviain difirences in
the mctabolism of A-silosterol (Co) which is structurall
similar to choleaterol (Co) but contaips an ad-hitioanl
24 We have confivmed it this plaot

ethyl group at C-
sterol is ahsorhed from the dntestine only about one-
tenth az effectively as cholesterol and that it is se-
creled into the bile more rapidly than cholestevol, 1t
also appears to be esterified more slowly than cholesterol
and it is also distributed differently between the two
thearetical hody pools, On the other hand, f-sitosieraol
is converted as rapidly as cholesterol into the same pri-
nary hile aciils,

The mechanisms by which the two sterols are distin-
gruished at the level of the intestinal mucosal cell re-

“minin unknown. In the rat, Sylvén and Borgsteim (20)

have noted that the ratio of the two sterols in the in-
teatinal Iviphatics is the same as that in the mucoznl
cells of the intestine; hence, they concluded that the (if-
ference in absorption was not due to differences in anyv
intracellular process uor in the transport of these sternls
into the intestinal lymphatics. Rather, it scetied to themn
more likely that the distinction is made earlier in the
ahsorptive process, cither by a Jesser micellar solubili-
zation of plant sterol or by a slower transport threuch
the outer surface of the mucosal cell. Tt scoms to us,
however, that the rate of caterification of B-sitoterol
niay be the factor limiting its absorption, Swell, Trout,

p£-Sitasterol Mctabelism in Man a6s

121



Field, and Treadwell (9) fonnd that, while f-sitosterol,
fike cholesteral, is taken np by the intestinal wall, chio-
esterol is largely esteritivd belore incorporation into
chyloaicrons. B-Sitosteral, on the other lamd, s ap-
parently not esterified in the imestinad wallt Kulkeis
and Hoang  (27), studying dogs w ith thorucic duet
fistulas, ohserved that virtually all of the plut sterols
in chyle are unesterificd, whereas most of the cholesteral

in chyle is esterificd.

Two factors appear {o contribute to the more rapid
fractionul turnover rate of B-sitosterol as compared with
that of cholesterol, First, as discussed above. in passige
through the small intestine at least 10 times wore clo-
lesterol than B-sitasterol is returned into bady pouls
throngh reabsorption. Sceondly, it scems clear frem the
results of the present study that mechanisms exist i the
liver whereby @-sitosterol is preferentially selected for
more rapid seeretion into the bile as neutral sterol. The
mechanisms by which the liver ecll distingnishies hetween
A-sitosterol and cholesterol are just as unclear as in the
cace of the intestinal cell. Agnin, we can visnalize the
possibility that a retardation in esterification of j-sito-
steral, compared to that of cholesterol might make the
free sterol mare available for secretion into Lile, but
otlier possibilities should be considered, The intraccllular
routes ol travel of the two sterols through the liver coll
from plema to bilinry canadicnlus are sGH not known;
nor da we know whetlier the sterols i the endoplisisic
reticuhnn are in equilibrium with those in the mito-
cliordrin or cell sap, nor how inconstant the steval con-
tents of the different membranous sfructures may | FTE
At any rate, we have shown for the first tine inoany
species that f-sitosterol s converted inteo the sane pri-
wary hile acids as cholederol, ie, cholic acid and cheno-
deonycholie acid. The similarities in Isotope ratios in
Trhle Xosnegest that the enzymes responsible for this
conversion fail to differentinte one sterol from the other,
At what stage the ethyl group at C-24 35 removed re-
mains to be determined. Severud species of phytophagous
imecets are dmown to dealkylate Co and Co sterols 1o
provide chalesterol during their larval growth (28,
Thevelore, it would be af considerable importance 1o
ascertain whether the fi-sitosterol incorporated into hile
acids was initially deaticylated to cholesteral, or whetlier
dealkylation oceurred simultancously with side chain
oxidation during bile acid synthesis.

Striking differences in distribution of the two sterols
in the two theoretical pools of readily exchangeable
sterals (pools A and B) have been demonstrated in
this study. According to theory (12, 24) the two pool
miadel permits the caleulation of the sizes of pools A and
B. For cholesterol the size of pool A can be cileulated
from data obtained from specilic activity-time curves of
plasma cholesterol s but the size of pool B can be deter-

9G6

mined only if entry and removal of cholesteral Qe
this poal are nepligible (except for isotopic cwch;m‘\_’
with puol A). IF one makes the latter assumpion, i,
datn of Goodinan and associutes indicate that in g,
adult normecholesterolemic men and women paul
varied fram 15 fo 27 g; pool B from 27 to 43 g, Oy
own data (similarly derived) in 21 adult patients wiyg
hyperlipoproteinemic states showed that pool A vari
from 16 10 32 g, pool B from .1 to 4O s thie L)

difference between normo-  and hypercholester Yoy, |

patients is astonishing, it true. In contrast, the prog,

study shows that, for B-sitosterol poal A wis inv i),
the laiper pool, ranging in bypercholesterolemic )y
from 52 to 125 myg, with ouly 21 to 76 wig inool oy
Thas, i all adults tested, cholesterol is more rick iy (!i~j
tributed in pool B 1lian in pool A the converse b g,

#-sitosterol, Thus, the total awmount of readily exon
able eholesterol is vastly greater than for g-sit.
and furthermore the distribution of 1he twao stero! i ;.
is different. Why this diflference exists g

Lerel

bady
to be

chown, but it seems to rule ont the possibing
weingr the distribution of the plant sterol as a piide o
cholesterol distrilution in specitic tissue pools,
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"Tall Oil Fatty Acids in the Diet of Growing Rats*
Rirva SerpaneN, Paavo Romne and MATTI ANTILA
Department of Nutritional Chemistry and Department of Dairy Science, University of Helsinki, Finland

From tall oil fatty acid distillate it is possible to prepare ethyl and glyceryl esters,
which in their physical and chemical properties resemble cdible oils, e.g., soybean oil,\™
in many respects. The use of these esters as animal fodder ingredients and the results
of different feeding experiments have been presented by M. Antila et ¢l® and V. An-
tila et al.577

Experiments have now been conducted to explore the possibilitics of using tall oil fatty
acid ethyl and glyceryl esters as food fat. The fats and oils used were obtained from
the Raisio Factories’ Central Laboratory.

Weanling male rats of the Sprague-Dawley strain weighing approximately 40—50
grams cach were uscd in the experiments, The animals were divided into groups of ten
and kept in individual wire-bottom cages. Their weights and food intakes were recorded
regularly. The animals were given food and water ad hbitum. The fat to be studied was
added in rclatively high amounts so that it supplied cither 30 or 60 Y%, of the total calories
(corresponding to 13.5 and 35.0 wt.-%,) to the basic dict which consisted of graham flour,
cascin, dried brewer’s yeast, and salt mixture. Corresponding amounts of soybean oil,
butlcr or margarine were usually added to the diets of the control groups. The 60
cal.-9; level can be consid eredalmost uuphyﬁxologlml for rats, hut it was used for practical
reasons; the effects on the growth are cuite rapid and strong at this level. Most of the
experiments lasted 3 weeks. .

When the animals received 60 %, of their calories in the form of the unrefined ethyl
esters of tall oil fatty acids, their growth stopped completely and the whole group died
within 10 days. The animals receiving refined ethyl esters of tall oil fatty acid distillate
also grew rather slowly in comparison with the group fed a corresponding quantity of
soybean oil ethyl ester, and about half of the animals died during the expertment (Fig. 1).

The effect of refined glyceryl esters of tall oil fatty acids did not differ much from that
of the ethyl esters; the growth of the animals receiving 60 94 of their calories as glyceryl
esters was extremely slow as compared to the group which was given a concsponding
amount of soybean oil. At the 30 cal.-¢ level the growth of the group recciving glyceryl
esters was already better, but it was still markedly poorer compared to the control group

Weight grams

)] 5 10 5 20 Time days

Fig. 1. Average body weights of rats fed 30 2, of the calories from ethyl ester of soybean oil (1), refined
ethyl esters of tall oil fatty 4cu]s (2) or unrcfined cthyl esters of tall il fatty acids (3).

* A paper presented at a Symposium on Fats and Oils held by the Finnish Chemical Society on
October 9 th, 1963.
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Weight grams

] 5 10 15 20 Time days

Fig. 2. Average body weights of rats fed 30 or 60 9, of the calories from soybean oil (1 and 2, w1
30 or GO % of the calories from glyceryl esters of tall oil fatty acids (3 and 4).

on a dict containing 30 Y, of the calories as soybean oil (Fig. 2). Both cthyl and glyceryi
esters of tall oil fatty acids evidently contain a factor or factors which retard the growth
of animals; the effect appears particularly clearly at the 60 cal.-%, level. The unrefined
ethyl esters are even toxic.

Hydrogenation of the tall oil glyceryl ester considerably improved its growth effect.
When a diet in which 30 9% of the total calories were furnished by this hydrogenated
glyceryl ester was fed to experimental animals, their growth was almost comparable o
that of control groups receiving hydrogenated and unhydrogenated soybean oil (Fig. 3},

According to Aho ¢t al8, Lehtinen ¢f al.? and Elomaa et al.® the fatty acid distil-
late of Finnish tall oil contains about 10 9%, cis-3,9,12-octadecatrienoic acid. When a
75 %, concentrate of this acid, obtaificd by countercurrent extraction, was esterified with
cthanol and added at the 30 cal.-9, level to the diet of raws their growth at first
completely stopped. Gradually the weight of the animals started to rise, but the rate of
growth remained low as compared with the growth of rats on diets containing linseed
or tall oil ethyl esters. (Fig. 4). These results together with those obtained with the

Weight grams

X Iy —

0 5 10 15 20 725 Time days

Fig. 3. Average body weights of rats fed 30 9 of the calories from hydrogenated soybean oil (1), soybean
oil (2) or hydrogenated glyceryl esters of tall oil fatty acids (3). .
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) 5 10 15 20 % Time days

Fig. 4. Average body weights of rats fed 30 ¢; of the calories from ethyl ester of linseed oil (1), ethyl
esters of tall oil fatty acids (2) or ethyl ester of ¢i5-3.9,12-octadecatrienoic acid (3).

hydrogenated glyceryl ester referred to above indicate that the growth-retarding factor
is associated with polyunsaturated fatty acids and with cis -5,9,12-octadecatrienoic acid
in particular. This acid itself, however, is not Vguilty” since an extract of pine seeds
known to contain about 20 %, of this acid!®, showed no growth-retarding effect.

In addition to the short-term growth experiments reported here, a long-term growth
experiment lasting 2 1} months was undertaken, and it was followed by a reproduction
experiment. Both male and temale rats were used in the experiments, and they were
given diets containing 30 and 60 cal.-%; levels of a fat mixture of the margarine type
which was prepared by interesterification of hydrogenated tall oil glyceride and hydro-

280

240

200

160

Weight grams

120

80

40

0 10 20 30 @0 S0 60 70 g0 Timce days

Fig. 5. Average budy weights of male vats fed 30 2 of the calories from butter (1), »tall oil margarine»
4) or margarine (3) and 60 ¥, of the calories from margarine (4). butter {3} or »tall oil margarine» (6.
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genated soybean oil. The control groups were given corresponding amounts of commer )
butter and margarine. The animals receiving the »tall oil margarine» at the -,
cal.-% level grew very well. Of the male rats, the control group receiving hutter grey
the highest rate, hut the »tall oil margarine» group did not fall far behind it. A .
60 cal.-%, level the animals on the »tall oil margarine» diet grew at a slightly low.,
rate than the controls, although no statistically significant differences could be dete 1oy
(Fig. 5). Of the femalc rats, the growth rate of the group receiving 30 © of the calo ...
as »tall oil margarine» was even higher than that of the control groups, but at the ,,
cal.-9{ level the females were also observed to fall behind in growth in comparison .,
the other groups; the diftference was very small, however, and not statistically signific,.

In the reproduction experiments the »tall oil margarine» groups, both the 30 .
the 60 cal.-%, level groups, gave birth to litters of normal size and the females wi
able to wean them normally.

In histopathological investigations no pathological changes could be detected in 11¢
hearts, livers, kidneys and thyroid glands of the animals in this experiment.

On the basis of the results of these growth experiments with rats, it scems evident th:y
refined tall oil glyceryl esters can, after certain processes such as hydrogenation ang
interesterification, he used at least in small amounts in the diets of experimental animaj.
without endangering their health or growth. Investigations are being continued with
the aim of identifying the growth-retarding factors and studying the physiological eflccts
of tall oil fatty acid preparations.
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Range-Finding Toxicily Data: List VI

HENRY F. SMYTH, IR, Phb, )
URBANO C. POZZANI, M.S., and JEAN. A. STRIEGEL, B.S.

A table presents acute
accwnulated in a continning pregrd

Mellon Institut

Tnd. “jfy Aesoc. -, 23(2) 95107, L2

CHARLES P. CARPENTER, Ph.D., CARROIL 5. WEIL, M.A,,

e of Industrial Research, Pittsburgh, Pennsylvania

The standardized experimental mcthods are described,

DUI‘\IN(} the seven vears since the ap-

pearance of our last commumication on  described.

the range-finding test,' many additionnl data Sinele oral dose toxicity s estimated by
have become available for presentation. The
following Table ists these data under names

conforming

Chemical Abstracts. ‘This may mithe them
unrecognizable to those who know them only
by their trade names, For examples ethers
of ethylene glycol are sold as C131 LOSOLNT
solvents, of diethylene glveol as CARBITOL
solvents, and of propylene and dipropylenc
glycol as UCAR solvents. All maeials in-
cluded here are cither in commercial pro-
duction or have heen evaluated for com-
mereial potential within the past few years.

to the nomenck

dure used ininstancees indieated in the

As has been stated in carlier communica-  expedients, QOccasionally, a

ttons,

posed workman or Jead to

cortain technically feasible applivadions of a

the ranve-finding test is relicd upon TERGITOL  Penctrant 7
only to allow predictions of the comparative
hazards of handling nes chemicals, Acute
txicity studies, no matter how precisely exe-
cuted, yield no more than an indication of
the degree of care neeessary Lo protect ex-

chemical may or may not eventually be  parentheses show Inits of

vroved safe.

Our last paper! included data for cpoxy-
Sthylbenzene, Reeently obtained data upon
“aother sample differ somewhat Trom that

“reviousty published. "Fhe late

estoassay vields
< single-orat LD, value of 2,83 ml/)

hours in o concentrated vapor atmosphere ol four male albine New

caused no deaths amony six rats while 100D weighing 2.5 to 3.5 ke. The fue is removed
ppim inhaled for o sbmilar perind of e

hilled only two of six rats.

Because of minor changes in experimental

papers in this serd

.
o
“

toxicity and irritation data on more than 300 compounds,
un for screcoing potential commercial products.

taining  the range-finding data are briefly

the gaustric intubation of groups of live non-
fasted, Carworth-Wistar male rats, or in rare
Table of female
rats, four to live weeks of age and 90 to
120 grams in weight which Lave been reared
in our own colony and maintained from time
of weaning on Rockland rat dict, complete.
The dosages are arranged in 2 fogarithmic
series ditfering by a factor of two. Whenever
possible, the chemical is administered un-
dibited. When a lesser concentration is nec-
essary, solution in water or corn oil or sus-
pension in semissolid agar are the preferred

{essentially  an
aqueous solution of 25%¢ sodium 3 .9-diethyl-
G-tridecanol sulfate) has been used as a dis-
persing agent. Based upon mortalities dur-
ing a ld-day observation period, the most
probable LD, value and its fiducial range
1 opinion that  are cstimated by the method of Thompson®
using the Tables of Weil® The figures in
1.96 standard
deviations while the absence of parentheses
indicates that no range is calenlable because
no dosage resulied in fractional mortality,
Penctration of rabbit skin is estimated by
a techuique closely akin to the one-day cualf
Four ethod of Draize and assoviates,” using groups

from the entire trunk by clipping, and the
dose is retained beneath an impervious plas-
tic filn, Dosages preater than 20 mly kg can-
ethods and to climinate reference to carlier ot be retained in contact with the skin,

5 the methods for ob- FPhe animals are immobilized  during  the
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24-hour contact period; after which the filn
is removed and the rabbits are caged Jor
the subsequent  H-day ohservation  period.
The LD,, is calculated as deseribed above,
Concentrated vapor inhalation consists of
subjecting groups of six male or female albino
rats to a flowing streann of vapor-ladencd
air, The \'upur—:)ir mixture is generaled |
passing 2.5 Jiters/minute of dried air at room
temperature  through a Mited  glass dise
immersed to a depth of at least one inch in
approximately S0 mb of the test chemienl
contained in o gas-washing bottde. Inhala-
tions are continued for tme periods in a
logarithmic series with a rtio of two extend-
mg from one-fourth o cight howrs, until the
ihalation period killing about half the nun-
ber of rats within 14 days is defined, For
inhadation petiods of ten, five and two min-
utes in duration, a static technique is used
whereby 30 to 100 grams of material, spread
over a shallow tray 200 square inches in area,
is placed in a 120-liter sealed eliunber for
at least 24 hours. Six rats are then rapidly
introduced by means of a drawer-type case
designed to minimive vapor loss. "This static
technique, continuing for a maxinuun of
cight hours if necessary, is also employed for
mixtures of liguids and for solids. The Tabie
records the longest inhalation period which
permitted all ras to survive the two-week
observation period. A symbol is used o in-
dicate those few instances when the shortest
period  attempted  eaused 10007 mortality.
Inhalation of metered vapor concentra-
tions by rats 13 conducted  with  Howing
streams of vapor prepared by vilous styles
of proportioning pumps.®™  Inhalation pe-
rods arve usaally of four hours’ duration un-

less slight toxicity enforces an  eicht-hour
. si } 3 )
period. Cloncentrations recorded are nominal

and not analytically vertfied. They are in an
essentially Jogarithinic series with a Tactor of
two, and the Table records the concentration
yielding fractional mortality among six rats
within 14 days. Where no fractional mor-
tality was observed, usually bath the con-
centration vielding no mortality and that
yielding complete mortality are indicated.
Primary skin iritation on rabbits is re-
corded in a 10-grade ordinal series and is
based upon the severest reaction that devel-

March-A pril, 1962

ops on the clipped skin of cach of five albing
rabbits within 21 hours of the uncovered
application of 0.01 ml of undiluted sample
or ol solutions in wiler, propylene glyeal,
or acetone. Grade 1 in the Table indicates
no drritation and Grade 2 the least <isibhe
capillary injection from the undiluted chen,.
ienl, Grade 6 indicates necrosis when un.
diluted and Grade 10 indicates necrosis fron
a 0014 solution,

Live injury in rabbits is recorded in a1
grade ordinal serics and is based upon ],
degree of corneal neerosis that results fron,
instillation of various volumes and concer
trations ol chemical, as detailed by Carper
ter and Smyth.!'' Grade 1 in the ‘Tabl.
indicates at most a very small area of e
crosis resulting from 0.3 mi of undiluted
chewical in the eye. Grade 5 indicates o
so-called severe burn Tvom 0.005 ml, and
Grade 10 indicates a severe burn from 0.5
ml of a 16 solution in water or propylene
alycol.
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’ RANGE-FINDING TOXICITY DATA
y
i Inhalation of Metered
Singte Skin Conren- Vapor Concentration  Irritation
Single Oral Penetration trated Vapor hy Rats on Corneal
Material Studied LDte for Rats LDgs for Inhnlation —— e om e = Uncavered Injury
. 11/Kg Rabhita by Rats Conern- Rabhit n
M1/Kg  Maximum for tration Time, Mortul- Belly Rabbits
No Death ppm hr, ity
Hydrocarbons
Benzene, . ... .vienrian . 114 Y - 5 min. 16,000 4 4/6 3 3.
(8.4-16.9) . N .
Diethylevclohexane ' .
(mixed fsomers)... .. ... 64 2.5 : e 1 hr, 2,000 4 2/6 4 1
Lthylbenzenc............ b.46 17.8 1 hr. 4,000 4 3/6 4 2
} 15.09-5.86)*
i Fluoranthene. .. ......... 2.00 3.18 8 hr. - —_ — —— 7
, (1.27-3.13)* (2.35-4.29)% :
4] 3n.4,7,72-Tetrabydro- .,
» 4, Z.methannindene. ... 0.41 4.16 30 min, 00t 4 1/6 H 2 e
(Dicyclopentadienc). (0.31-0.53) (2.44-8.15) : O
I m-Xylene. .. P .71 14.1 2 hr. 8,000 4 10/12 3 1
‘ (6.24-9.53) ‘ i
Hydroxy Compounds i
2-Butenc-1-ol........... 0,93 1.27 15 in, 1,000t 4 0/6 ~ . 1 ki
(0,67-1.30) (0.94-1.72) )
Cyeloliexanol. .. ......... 2.06 —_ . 8 hr. -— - —_— 2 7
(1.95-2,18)% )
2-Cyclopentene-1-0l...... 0.47 0.18 1 hr, 500t 4 0/G 2 - &
(0.34-0.66)
2,2-Dimethyt-1,3- B .
butanediol . .. ... ...... 10.0 »10 8 hr, — —— _ 1 b
(6.28-15.7)
2.2-Dimethyibutanol . . .., 2,3 177 -— — — — 2 7
(1.74-3.12) (1.09-2.B6)
LADimethyl-1,2,6- R
hexanetriol . .. .. ... ..., 24.2 >20 — — — — 1 2
(E9.7-30,1)* .
23-Dimcthylpentanol, ..., 2.8% 2.5 8 hr, —_ e — 2 9
{L.46-3.87) (L.7-3.7) : '
Dodecylphonol
(mixed isomers), .. ..., 2.14 5.00 — — — — T 2
(1.51.2,99) (3.11%.7,40)
1-Ethynyleyclohexanol, .., 0.69 1.00 8 hr. —— —— — 3 8
(0. 13-0.84) (0.68-1.48)
2-Ethyl-d-methylpentanol . 4.0 >5.0 8 hr, - _ — 3 b
i, (3.07-5.98)
Y Hepladecanol (mixed
b pritnary isomers). . ..., b1.5 168 3 hr. — - — 3 1
4 (11.1-53.9) (12.0.23.6)
¥ 4-Hexeun-1-yne-3-01...... 0.0 0071 1hr.§ 62.5t 4 1/6 2 T
! 0.024-0.047)*
3 2Hydeoxymethyl- .
noreamphane. .. ..., 168 0,71 8 hr, - — - 3 b
(1.18-2,39)
2-Hydroxymethyitetra-
hydropy ran, (mixed
A= and 3,44
dimethyl inomers) ... 5(3.10 — 8 hr, — — — 1 5
sIndanol.......... ..., 0,45 - -— — - 7
(0.24-0,82) %
2Methytbutanol. ool 4 3.04 8 hr. — — — 2 8
- (T5-6.46)
Mthytheptanel (mixed
rimary isomers). ... ... 5.16 4 hr, — — - 2 5
(1.17-G.38)
i lethylpentanol. ... ... 6.50 8 hr. — —_— — 2 3
(4.23.9,99)
I aphthol. ... e 204 8 hr, e - — Y
Eo-Pentanediol. ..o 8 hr. - — — 1 2
iert-l'entylphenol . ... 308 SLon 8 hr., —- -— - [ 10
(24 R1* {1,35-2.96)%
ropytheplano) . ..., .., £.73 >iu 8 hr. - - S 2 2
. (4.79-9.45)
¢ deeanol (mixed
primary isomers). ..., 172 7.07 8 hir, — - — 4 2
(12.3-28.9) (28304
2 AT rimethyi-], 8-
pentanediol, . L, L, L - — - Eaad 2 7
224 rimethypentanod , | 3. 8 hr. -— — e 2 1
(2.68-3.21) -
Fithers
Allyi vinyl ether. . ... ... R —-— 5 min.§ 8,000 4 2/6 1 2

(U
(0.30-1.02) %
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RANGE-FINDING

Material Studied

2,3-Ris-[2,3-cpoxy-
propoxyl-1,4-dioxune. .

Cyclopentyl ether. .. 0.
1,3-Dimecithoxybutane. ...,
4,4-Dimethyl-1,3-dioxane .

2-Ethoxy-8,4-dihydro-
B2-pyran. ...

2-Ethoxy-{-niethyl-3,4-
dibydropyran..........

Ethylether...... .. .....

2-FEhyl-2-methyl-1,3-
dioxolune. ..o

Ethyl-l-propenyl ether. ...
Isobutyl vinyl ether. .. ...
1-Methoxy-1,3-butadiene. .
4,4'-Methylenediphenol . ..

4-Methyl-2-vinyl-1,5-
dioxolane. . ...

1-Propenyi-2-bhutene-
J-ylether. . oo oo

1,1,8-Tricthoxybutune. . ..
1,1,3-Tricthoxyhexane, . ..
Hydroxy Ethers
Diethyvlene glycul
divinyl ether. ... ... ...

Diethylene glycol ethyl
methylether. ...,

Diethyleno glycol 1vono-
Z-methylpenty) ether. .,

Dicthylene glycol cthyl
vinylether . ... .....

Dipropylene glycol
monumethyl ether, ..,

Fthylene glycol mono-2-
methylpentyl ether. . L.

,Ethylt:nu glyeol mono-2,
6,8-trimethyt-4-nonyl

Fooether. oo

Propylene glycol
wonomethyl ether. ...,

Trietliylene glycol
monobutyl ether. . ...,

Tristhylene xI’ycul
monumethyl ether..... .

A!dchyilts
4-Cyclohexene-l1-carbox-
sldebyde, . ... .0

1-Decanal (ruixed
JSOMIEIS) e o v viinni e

2,8-Dimethyl-4-pentenal. . -

Single Oral
LD, for Rats
M1 Ky

1.07
(0.77-1.00)*
0.4

(0.31-0.66)
3

G8-6.21)
3.
(2.65.5.21)

6.16

ChLal-6.8%8) 1

3.56

(3.23-3.92)%

2.83

19.0
(14,4-27.0)
7.0
(12.2-23.8)
P

2.4
(1.64-2,99)
4.95

(3.52-5.52) %

0.89%

8.00
16.10-12.5)
4.9

3.73
(2,68-5.21}#

6.50
(4.45-8.68)

5.66

5.66

.73
(2.68-5.21)

5.
{8.84-7.48) -

5

5.66

6.78
(4.13-11.0)
11.8

¢

2.46
(1.84-8.29)

3.713
(2.43-6.74)
b.66

TOXICITY DATA

CONTINUED

March-April, 1962

Single Skin
Penetration
LD far
Habhbits
M1, Ky

1.59
(1.17.2.20)
1.41

10.0
{1.6-21.9)
3,54

3,66

1.84
(0.86-1.47)
20

10.0
(4.6-21,9)

>10

1441

7.07

1.68 .
(1.16-2.13)
8.41
(5.06-14.0

10.0
(6.8-14.8)
.44

3.15
(1.85-4.26)

14.1
(8.4-22.9)
3.64
(1.06-11.8)

7.4

L1

6.04
(1.78-6.82)
>

Coneen-

Inhalation of Metered
Vupor Concentration  Irritation

irated Vapor

Inhalation -

by Jlats

8 hr.
2 hr.
1 hr.
4 he. g

2 hr.

6 min.

5 min,
10 min. §
15 min. §

8 hr.

1 hr.
2hr

4 hr.

4 hr,
8 hr.
8 hr,
8 lir.
8 hr.

4 br,

8 hr.
4 hr,
8 hr.,

© 8hr.

4 b

8 hr.
2 br,

Con

Maxiraum for tration
No Duath

ppm

260
8,000
8,000t

8,000%
32,0001

4,000
8,000
16,000

1,000

5,000¢
2,000

2,000

10,000

by Hatas

Cornua

on
e e Uncovered  Inju, -

Rabbit n
Time, Mortal- Belly Rabiiy
br. ity
o — 4 7
4 5/6 4 b4
4 4/6 2 2
4 2/ 2 5
4 /6 b t
- - 3 e
4 3/6 1 2
4 4/6 2 2
4 0/6 2 2
4 9/ - 1 2
— — 4 2
- — - 9
4 8/6 2 4
4 2/6 4 2
4 5/6 2 3
—_— — 2 2
— — 2 1
— — 2 4
—_ — 3 [
— _— 2 1
— — 1 2
— — -2 [
— o 2 3
4 0/6 2 8
— —_ | b
— — 2 1
4 0/6 4 8
- -_ 1] 1
4 8/6 1 ]
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RANGE-FINDING

TOXICITY DATA—CONTINUED

. Inhatation of Metered

(3 0| HRI) A

{0.37-0.67)

Kingle Skin Concen- Vapor Concentration  Irritation
Single Oratl Peuntration trated Vapor v Rats on Corneal
Material Studied LD for Rata LD far Inhatation Uncovered Injury
. . M1/Kg Rahbita hy Rats  Concen- Rabbit in
M1;Kg ) Maximum for tration Time, Morlll— Delly Rabbita
- No Drath ppm hr. ity -
2.3-Dimethyl -
valeraldehyde. .. .. ..., 2 hr. 6,000 4 0/6 2 ]
19‘372) .(41 11.4) . . N,
Glutaraldehyde, 25%;.. ... '! 2.5 8 hr. R — — o t g
(l 68 3.38) (1 ?\B-'l 44) : . .
Glyoxal 29.2%......... . >2 8 hr. V- — e 2 8
( iR 30-10 4) R
« +-Hexanal (mixed
isomers). . ... ... 9.51 >10 4 hr, e — - 2 5
(5,R4-15.5) . .
1-Methoxy butyraldehyde.  0.54 0.31 16 min. o00f 4 0/6 2 + B
(0.85-0.82) (0.12-0.78) : ! .
2-Methyl-4-cyclohrxence
l-carboxaldehyde. ... 5.66 - Bhr. - - — b 5
-Methyl valeraldehyde, .. 5.66 4.46 30 min. R,000f 4 n/6 2 3
(2.44-8,13) . - -
t-Octanal (mixed - A
jsomers). ..., .63 6.35 - 8 hr. — — -— 4 2.
(4.70-8.59) ;
L-Pentanal (mixed
fsomern) . ... ... >20 5 min. 8,000 4 3/6 2 2
('; '\ns 75)
&Pentennl. .. ... . ... 1.59 5 min, 250 4 1/12 1 5
(0400‘!)**" (01135'3) .
Ketoner PR
Acetome. ... ... .. .. 10,7 »20 30 min, 16,000¢ 4 1/6 1 5
(1.7-15.0)**
2-Butanone. ... ... ...... f.86 >10 =, R,000t 8 3/6 2 1]
(h.0H0-8.4H)** ’
2.Heptanone. . ... ... ... 1.67 12 30 min. 2,000f 4 0/6 4 2
(1.18-1.8R)* ** (" ' 17.0) s
+-Hrxene-1-yne-3-one.. . .. 0.071 010 & min. § 12.5 4 2/6 2 10
(0.0§4-0,11)# U‘Di 0.25) [N
3-Methyl-2-hexancne. . ... 4.76 10 - 2,0001 4 0,6 1 2
(ﬁ R-14.8)
2Pentanone. . ... .. ... .. a.73 R8N 30 min. 2,000+ 4 1/6 1 8
(2.68-5.21)* (3.60-17.8) .
Acids, Anbivdrides, .
and l.actonen .
Acrylic neid, glacial . . 2.50 0.95 8 hr. - - — 6 9
'2 10-3.21)* (0"»? 1.30)
“Allylauceinic anhydride. . . 1.07 — - — -~ 3 9
. {0.77-1.50) (o %30, -43)
Crotonic anhydride. ... . .. .81 8 hr. — — — 5 10
(1.77-4.53) ¥ ¢
Dreangic acid
tmixed isomets). ... ... 3,7 1.77 R hr. - — - ‘5 9
. (2.97-4.86) (1.09-2.86)
Dimethyl-g-caprolactone
{mixnd isomers). ... ... 1.3 8 hr. — —_— — 2 11
(2 l‘) 5.72)
5-Dimethy1-2-hydroxy-
l\paldohytlc I, 5.89 - 8 hr. - -— — 1 T
(5.33-6.44)¥ }
Glurarie anhydride. ... ... 4.46% 1.78* — - — - - 3
Ho-anoic acid ;
fraixed isomera) ..., ... 2.05 1.05 8 hr. o — — 4 ]
. (1.66-2.53}) (0.29-3.85)
< vdroxy-3-cthyl-
vptanoie acid. .. ... ... 3.40 1.78 —_ - - — 4 9
) (LAL-3.5*
b-iivdraxytetrabhydropyran-
2 earboxylie acid lactone h.6h a.87 - - o — 1 [
(2.93-5.37)
““hyl.c-enpralactone
, Jmixed fsomnrs) 11.2 7.1 8 hr. = — - 2 8
<-Mlethyt propionic acid. .. 028 0.50 8 hr. - —- - 6 [
(0.17-0.46} {0.37-0.67)
(+ tanoie acid
imixed isomers) ... .. ... 1.41 0.7t 4 hr. — - —-- 5 9
. (0.88-2.29)
Pentanoie acid N .
‘tnixed isomers) ... .. 0.70 8 hr. - —_ e G- 8
. 5-2.70) (0.38-1.28) .
Propionic acid . . .. .50 8 hr. — - 6 ‘g
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Material Studied

T nnxuh\l R apml.u tanrce
Omixed isomers). ...

Esters
Acetie aeid, amyl ester
(ixed isomers) ..

Acetic acid, 1,3-
butadienyl ester. ., .

Acetic avid, 2-
Lutoxyethyl esler. .. ...

Aeetic neid, ethy! ester. ...
Acetic acid,
iscbutyl ester. .. ..

Avcotic acid, methyl ester.
Acrylie acid, decyd cater. ..

Acrylie acid,
trideeyd oster. .

Adipie ueid, di-fdeeyl)
vsler (lﬂl)(td ihorners) .

Adipic arid, di-2-
propynyl ester,

Azclaic acid, di-
(¢-ethyliexyl) estor. ..

1,2,4-Butanetricarbnxylie
weid, tri (‘.’-rlh)lh«-x)lj
eater.

Croty!

Decanoic acid, \.myl
euter (nn;ud isoinerg) .

Dibunzoy! dicthylene
glyeul water..o oo

Dibenzoyl dlpr(ip\l(‘h(
phyeot ester,

Di-(decanoy!) triethylenc
plyeol ester
(raixed isotoers). .

2,b-Endomethylene cyelo-
hexane enrtoxylic acid,
ethyl estor Guixed
furmy! isowers) ..

- 2.5-Enduvmethylene-3-
¢ carboxylie
ester, ... .,

© 2-Ethylhexanoie acid,
2-cthylheavl

Formie acid, vinyl ester.

b-Formyl propionie scid,
ethyloester. oo L,

Funnarie aeid,
dicthiyl uster,

Fuwiaarie acid,
di-isubutyl ester..... ...

Hexanoie acid, vinyl

RANGE-FINDING

Single Skin

Single Oral e tration

L1an far Rats LD for
MIKg Hublits
Ml/Kg

7.43
(5.32-40.4)

6.50 >20
(1.95-8.53)*

0.71% 0,42
{0.30-0.60)
1.58
(1.16-2.13)

20

>20

U

7.60)%
b A6

6.30
4.93-8.45) % 14.66-8.52)

44.7 6.30
(4.685-8.52)
20.0

841
(16.04-25.3) 15.00-14.1)

0.20 0.44
(0.13-0,31)* (1.24-0.82)
870 20.0
(4.72-16.1) (9.1-43.8)
20
59 —
2.10-3.21) %

6.17 14.1
(4.99-7.63) (8.8-22.9)

2.83 20.0
(1.93-4.15)% (13.5-29.6)

9.80 >10
(7AT-12.9)%

T.45 11.2
(5.20-10.7) (6.1-20.5)

7.46 10
(H.35-10.4)

2 >5
$07-5.98}
"7“ >20

PR

(“ 1’ 3,30)*

8” 7.4
(7.52-13.0)

3.17
(1.56-6.44)

1.78 :

(L,60-1.98)* N

8.12

7.48
(6,19-10.7) (5.87-10.7)

ester {mined iromers). . . >20
\ (1.. 0-25.8)
Jsophithalic ucid,
di-(deeyl) ester )
{mixed somers)... ... >64 >10

TONXICITY

March

DATA-—CONTINUED

Inhalation of Metered
Vapor Goneenlralion
by lats

Caoneen-
trated Vapor
hs

Concen-
M «\lmum for tration Time, Mortal-
Na Death ppm hr. ity

8 hr.

4 hr. - —
10 min.§ 52 5t 1 3.6

8 hr. — —
15 min. 8,0004 4 n/6
1 hr. 8,000 4 4,6

- 16,0001 4 a6
4 hr. - Lo -

8 hr. - - =

8 hr. e -

8 hr. — —- —

4 hr. SO —

8 hr. - —

hr. — —
min. §

=g )

8 hr. - -— —
8 hr. - _— -
1 ht. 4,000 4 5/6

8 hr. T —_ ——

Triitalion
on

Ftahibiv
Belly

™

-

—te

Curney)
— = Uncoverrd ln)ur

Rﬂ\lh s

-April, 1962

[M

2

wen’

e

[
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'
RANGE-FINDING  TOXICITY DATA—CONTINUED °
¢+ Inhalation of Metered
Single Skin Conecen~ Vapor Coneentration irrilatinn
Single Oral Penetration trated Vapor - by Rats on Corneat
Material Studied LDwo for Rats LD for Inhalation - Unecovered Inj urv
. M1,/Kg Rabhits by Rats  Concen- Rahbit
M1/Kg Maximum for tration Time, Mortnl- Belly Rahhitu
No Death ppm hr. ity
Laor hithalie acid, di- : . C
fll ethylhexyl) ester. . ... 17.3 1.94 8 hr. —_ - Je— 1 1
($.4-32.0) \ (5.87-10.7) N N .
Maleie acid, i X . B X
dihexyl eater. . ... ..., .34 V- —- T . & hr. — - —— 3 1.
(6.22-8.66)**, * .
Maleic acid, : ! .
dimethyl ester,. . ... .., 1.41* 0.53 4 hr. - — — 3 8
(0.3R-0.7h) : , .
Maleie acid, . . .
dipentyl ester. . ... .. .. 4.92 ~10 . 8 hr. - — - 2 1
(3.75-6.46) - : .
Mandelie acid, a : .
hoxylester.. . ... ..... 17.0 15.4 — — - 3 4
(12.2-23.8)* (13.3-17.8) . )
Mcthyl horate ... . . 6.14 1.9R o — . — —— 1 3
{4.16-7.95) {1,47-2.68) . -
Octanoic acid, vinyt , .
eater (mixed isomers). . . 7.46 >10 4 hr, — — - 2 1
(4.86-11.5) ) : K
I'hthalic acid,
di-tdecyl) ester. .., ... >64 16.8 4 hr. — — - 2 ]
. . (10.0-28.2)
TFhthatic neid, )
di-(tridecyl) ester. . ... - >64 >20 e - - 2 B 2
Propionie neid, . B
vinyl ester. .. R 4.76 10,0 5 min, 4,000 4 4/6 2 2
(3.3b-6.75) % . {6.8-14.8)
Tpuxy Compounds -
Acetic arid, 3, 3-epoxy-
f-me Ih\h elohexyl- s
methyl ester, - a8 704 8 hr. - - _— * 2 2
(6.1-12.0) (5.87-10.7)
Aervlie arid, 2.8- .
cpoxypropyl ester. .., 0.21 0.4n 30 min. R2.5¢ 4 0/8 7 10
X (0.15-0.30) % {0,18-0.92)
Ris-[2,8-rpoxyeyelo- .
pentyl] ether, .00 2.14 [ 8 hr. - -— 1 3
(1.54-2.99) . :
1,2-Bin (2 -trimethyl-
! ethyl] oxirane. ... .. ... .89 14.1 8 hr, _— - 6 1
! (4.11-10.9) .
: Li-Dichloro-2,3.
"wn‘ bufane . 0.71% 2 hr, —_— —_— — 2 2
T-8,.9-Dicpoxvlimonene. . h61% R hr. — - — 4 3
f8-Liepnxyoctanc . 1.07 hr. - R - 6 7
- - (0,.77-1.50) . (ﬂ 23-0,43)
L2-¥poxyhutane. ... .. ... 1.41 2.10 —- 4,000% 4 1/6 1 4
(0.8R-2.29) (1.50 -2.95)
l' poxybutyric aeid,
atyl ester. ... L . 0.50 2.83 8 hr., ——- - . 1 2
(0.32-0.79)
3 LEpoxyeyelohexane- - .
arbonitrile. . e 1.23 0.9% 8 hr. — — 2 [
(0.94-1.62) (.73-1.31)
L Epoxyevelphexane-1,
S-dicarboxylie neid,
i-{deeyl)estor
mixed isomersy.. L > 64 >20 - 8 hr. —— — — 2 2
Fpoxyevelnhe .
dicarboxy . -
i L 6d >20 8 hr. - - 2 1
3 velohoxane-
“arboxylic aeid,
thyl ester . 4,76 4.54 R hr, ~ — 2 2
(1.28-6.70)
Lh-kpaxyethyl-a,
-eposyvbenzine. . 2.83% & hr, - — 5 7
~ = Bpoxy-2-ethylhexanol 505 3.1 R hr. - . — 1 b
(4.19-5,68) (2.33-4.26) X
HA-Epoxy-6-nuthylteyelo
hexanee .ulmxxlu ‘acid, . -
allvl eater.. ... 4. 0.50 - . 2.83 8 hr. — e - 3 N 1
(0.32-0.79) (0.93-8.58) - - . .
4 1-Epoxy--methyleyelo- -
hecancearhbosyliv seid,
et -epnxy-Gomethyi-
(\(lnh(x.lnwlhvl(«{Lr . 4.9 >10 R hr. - — 2 1

{3.75-6.46)
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RANGFE-FINDING TOXICITY DATA-——CONTINUED

Material Studied

Single Oral
LDs: for Rats

M1/Kg

. R Inhalation of Metered
Single Skin Coneen- Vapor Concentration  Irritation
Penetration trated Vapor by Hats on Cornes}

3-Epoxypropyl
butyl ether.

N-(2,5-Epoxy pmp)l)
diethylamine

9,10-Fpoxystearie acid,
allyleater. .. ... ...

9,10- Epoxystearic sceid,
Z-ethylhexy ) ester ||

1.2-Epoxy-4-
vinyleyclohexane. ... ...

Ethylene g!\( ol di-
(2,3-cpoxy-2-methyl-
propyl) (th- ST R P

Aliphatie and
Alicyvlie Amincs
Acrylic acid, MN-
divthy Yaminoe thyl cster.

7-Aminoheptlanaic acid,
isopropyl ester. ... ...,

", d4-Aminopropanol. ... .. ..

Dis-{3-aminopropylismine .
t

N,N-Bis-[3- mmnuprnpyH
m(\h)l i, . .

Bia-{2,5-endomethyline-
eyelohexylmethylamine,

Bis-[a-methylbenzyl)

mdne. .

N-Butyleyelohexylamine. .

N-Butyl-a-nmicthyl-
benzylamine...... ... .

Dueylamiine. . ., ... ...

- Diallylamine. . ........,.

1,8-Dinminc-p-menthane. .

Diamylamine....... ... .

8-{Dibtutylamino)
pmpylrlrmu e

N N-Dibutyl-(2- hydroxy-
prop:,l)au dLe.

4
£ N,N-Dibutylmcthylamine.

(3-Dicthylsminopropyl)
gmine. ... L.l

Di-(hydroxycthyl)-o-

tolylumine, ... ... ..,
(8-Liimathyluminopropyl)
Braino. ...l

(1,3-Biiethyleyelo-
pentone- -l-yl-inethyl)
amine. . ... L,

Dipropylamine. ... .....,.

- Di-(tridecyl)amine. . .....

2.05
(1.566-2.69)*
.42
(0.26-0.6R)

1.41
(U.RR-2.29)

30.8
(24.9-38.1)

2.00
(1.28-3.13)

7.46
(5.35-10.4)

0.89
(0.66-1.41)*
4.00
2,70-5.92)
2.63

0.81
10.563-1.25)

1.54

(1.25-1.9%)

1.41*

2 9'&
52-5.67)

tn 83
(0.21-0.54)*

36
(0 24-0.52)%
(014003)

(UI"Oq )
(01‘)037)

0.82
(0.62-1,07)¢

1.99
(1, (:4 2.42)%, **
64

0.4
(0.38-0.75)

1.41
(1.21-1.65)%
2.2¢

1.87
(1.34-2.60)*%
0.81
(0.62-1.07)*
0.93

(0.67-1.80)*
9.6
{7.61-12.9)

Lidsg for Inhalution e - Uncovered Injury
italbits by Rats  Conecen- Kabbit in
M1,/ Kg Maximum for tration Time, Mortai- Belly Rabbity
No l)(alh ppm hr. ity
2.52 2 hr. 4,000 4 1/6 1 5
(1.28-4.97)
0.79 30 min. 1,000t 4 (LY 6 ]
(0.49-1.07)
15.9 & hr. - - — 3 1
{11.7-21.5)
>20 8 hr. — - - 8 i
2.83 2 br, — J— — 2 5
3.15 —_— — —_ - 2 5
(2.33-4.26)
0.20 2 hr. = — — 6 9
10.16-0.27)
0.89 8 hr. -— — — € 9
(U (13 1.25)
8 hr, -— — - 5 ]
((I 84 1.R5)
0.11 8 hr. - . ad ki 8
0.14 R hr. 333 1 6/6 6 8
0.11 \ 8 hr. - ] "
(0.06-0.21) . . :
3.97 8-hr. - — —_ . 6
(3.60-5.37) .
0.3 8 hr, — — -— [ 9
(0.48-0.75) )
57 8 hr. — — - 4 13
(0 Ju 0.91)
0. 2 hr. . — — 6 - )
(. ’2 0.57) -
0.28 — 1,000 4 0.6 6 )
0.63 4 ke, — e 7 a
(0.47-0.85)
0,36 - 30 min. 62.5t 4 4/6 6 5
0.27 8 hr. — — — 8 [
{0.16-0.45)
— 8 hr. — - - 8 2
0.88 , & min. 1267 4 0/6 4 5
0.5 4 hr. —_ = e g v
{0.54-1.06) R
1.0 T 8he - - — s
— N 8 hr. — — = L] 1
. .
0.40 < 4R e 6
(0.80-0.54) . ) 3 .
1.25 6 min. 1,000t 4 2/6 6 »
(0.84-1.86)
3.64 4 hr. - — — 7 .. 1

e i S e e, P o
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RANGE-FINDING TOXICITY DATA—CONTINUED

Inhalatinon of Metered

. Single Skin Concen- Vapor Concentration  Irritation
Single Oral Penetration trated Vapor by Rata on Corneal
Material Studied LDge for Rata Lo for Inhalation -——— . e Uncovered Inf'ury
M1/Kg - Rabhits by Rats  Concen- Rabhit n
M1/Kg Maximum for tration Time, Mortal- Belly Rabbits
No Death ppm hr. ity
{2,5-Endomethylene-
eyclohexylmethyl) ' . ' )
amine.......... .. ..., 141+ 0,52 8 hr. . - — — ‘6 ]
(0.35-0.76) - -
N-Ethyl(cyclohexyl) . :
amine. ..., )0 L, 0,69 075 1 hr. 500 4 b5/6 6 9
(0.53-0.67)* {0.564-1.08) :
N-(@2-Ethylhexylicyclo- . : .
hexylamive., .. . .. ... 0.71% 0.11 4 hr. R —— o 6 5 -
(0.08-0,15) . :
N-Ethyl(a-mnt hylbenzyl) '
amine. 00T 0.36% 0.89 . 4 hr, — — -— 6 9
N‘(‘.!-Hyllrnxyothyl) g H PR Fo
phenylamine. . . ... .. 221 8 hr, — —_— — 2 &
{2.01-2,47)*
N-Hydroxvpropyl.
diethylenetrinmine, , ., . a3 1.50 8 hr. - - — - 2 5
(2.68-5.21)* (0.89-2,52) -
N-(3-Hydroxypropyl)-1, . s R
2-propancdinmine. , . . .. 5.66% 2,12 8 hr, — - e [ 5
(1.61-2.98)
N-Methyl(butyl)amine. . | 1.26 10 min. § 2,000 4 8$/6 [} ]
{NO3-1,70)
18-Propancdiamine. . . . .. 0.20 8 hr. -— - — T 9
(0.15-0,27)
Propylamine, ... ... ... .. .56 2 min, § 8,000 4 5/6 6 9
: 0.30-1.02)
N,N,N',I‘l'—TclrnmNhyl-
dipropylenetrinmine., , | . 1.62 0.31 8 hr. —_— — — 6 ]
(1.02-2,60) (0€65-1,50)
Triallylamine. .. .. ... ... . 1.03 0,40 15 min. boot 4 1/6 b A §
(0.%3-1.28) % {0.29-0.54) . '
Triisooctylamine. .. ... .. 1.62 218 — — — - e— . i 1
(1.24-2.13) (2.35-4.29)
Aromalie Nitro and
Amine Compounds
p-Chloroanitine .. .. .. .. 0.4 0.36+ 4 hr, — — — — 8
{0.20-0,48) *
8-Chloro-p-nitrostyrene. ..  0.51% 0.3% — —_ — —- 6 7
(0.29-0,53) *
N.N-Dimethylanitine. . ... 1.41 1,77 8 hr. - — — 3 6
(1.09-2.86)
2A-Dinitrochlorobenzene. . 1.07 .38 — —_ — — 7 16
(0,77-1.50)* © {0.08-0,19)*
N-(2-Ethylhesylaniline. ., .44 7.1 8 hr. — — — 5 1
(1.88-3.23) % N (2.7-18.5)
2-Mothyl-1
-naphthylamine., ... ... 0.62 2.83 — —_— — —_ } 4 2
(0.47-0.51)%
I-{p-Nitrophenyl)°
tthyl nitrate 2,14 141 8 hr, — — — a 1
N (1.54-2,99)%, ** (&.8-22.9)
o~Toluidine 0.94 3.25 8 hr, —_ —_ —_— 2 8
(0.67-1.31)* (2,01-5.25) ’
Amida and Imide
. Compoundsy .
~-N-Diethylacetoaceta-
mlde. Lo L 4.76 — 8 hr, — —_— —
. (3.19-6.68)
S -Dimethylacetnmide, | D.G3* .21 8 hr, —_— — —_ 2 8

(1.23-4.11)
-Dimethylaceto-
ctamide, 22.6 14.1 8 hr, - — — 3 8
- Dimethyt carbumie
eid, meisopropyl

ohenyleater, 5L 0.16 0.28 — — -— —_ H 4
R (0.12-0.21)* (0.18-0.48)
< = Dimethylphenyt
mleimide., ., T N X3 | -— 8 hr, — — — 7 8
. (0.44-1,14)*
‘\-X‘Jthylncetrmc(’(nmidc. L1422 — 8 hr. —_ — —_ 1 5
. (8.9-22.5) .
-\-f‘Z-Ethylhu(vxyethnxy- . -
bropylhicyclof2.2.1) . )
heptene-g, 3. . .
dicarboxiinide, .. ., ... 9.5 16.0 - - — e 13 [
(6.7-13.4)* 10.8-28.6) .

— e - e e e
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RANGE-FINDING

Material Srudied

Single Oral

N-MethylN- -
vinylacetamide. ... ...
p-Tolylnwleimide. . ... ...

Heteroeyclie Nitrogen
Conpounds
Acrylic acid, 2-i’ethyl-
pyrid-2'-yhethyl ester.

1-(Z-arinouethyl)
piperag

1,4-Di-(2-hydraxycthyl)
plperazine. ... oL

1-[2-(N,N-Dimethylamino)

© 2,6-Dimethylmorpholine. .

G-Ethyl-2-methylpyridine-
1-oaide

Hexuhydro-1,4-diszepine. .

2-Hydroxyethyl-S-ethiyl-
By tidine. ..

1-(2-Hydroxycthyl
pipursgine. oo

Indule ..ol
l-Mclhylpipomzine. e

Piperidine. ... .00

1-(5,6,7,7-Tet
Z-octanyl
cthylpyridiniura
chloride. ..o o

Nitriles
Acclic seid, 1-
cyanovinyl vater, ...,

2-Acutoxyisusuccinodi-
nitrile. ...l

Am)hc weid, 2- ('»()unu-
Lthuxy)alh\l ester.

sAcrylic ucid,

cyamoclhyl rutvr .......

'Allyl‘cyanidu ............

" Butyrenitrile, ...

Clioraacctonitrile. , ..., ..

4-Cyunocthoxy-2-methyl-
Zepentanol. ..o 0
§-Cyanohexunnic aeid,
iyl wster
N-C y.uxomulh) Imoxpholme.
A

8-Cyunopropicnie acid,
ethyl ester, .. ..., ...,

Divthylene ¢glyrol mono-
Lecyunvethyl ether. ...

2,4-Dihydroay-4,3-
dimcibylbutyronitrile. o

LD for Rats
M1/Kg

283

071

(U.48-1.05)*

1.92
(3.70.6.46)

2.14
(1.54-2.99)

3. 73
(2.68-5.21)

1.42
(U.46-2,08)
2.H4r

4.29
{L.07-5.98)*

92
(3.75-6.46)
1.04
(HU4-1.07)%
el

u.21
U, 1& 0.34)*
[T

(. 42-0. G4)*
0.64
{0.48-0.76)*

¢.10
(0.08-0.14) %
0.12
(0.10-0,15)*
1,12
(0.84-1.60)
u.18
(0.13-0.24)*
012
(0.10-0.14)%
0,14
u) 10-0. 19)%
w 17-0.20)%
3.2+
11.2
1.23
(0.94-1.61)
10.3
(8.8-12.8)
15.4
(5.2-21.8)%, ¥*

-0.81
\0.24-0.41)*

Single Skin
Penelration
{8 for
Ratbits
M1/Kyg

1.41
0.56
{U.22-0.58)*

91
(1.38-3.59)
.68
(0.34-2.31)

>10

0.39
(0.29-0.53)
¢l
(0.39-1.30)
117

1.65
(0.75-1.48)

1.78
{6.47-8.20)
>b.0

.79
(urﬂ 1.07)%
14

IU Nl 2.00)
1

0,071
10.044-0.11)*

0.14
(U.08-0.26)
0.11
(0.06-0.20)*
0.75
(0.51-1.11)

Q.u2
‘141

0.60
(0.47-0.68)
0.071

1.5
7.07

),

(0.15-0.27)

0.18
(0.09-0.17)

TOXICITY

March-April, 196

DATA——CONTINUED

Inhalation of Metered
Concen- Vapor Conecentration  Irritation
truted Vapor lo) R on Cornpy,
Inhalation e e Uncovered Injug,
by Rats  Concen- Rabbit
Maxinnun for tration ‘I'ime, Mortal- Belly Ral igg
No l)u ath mun hr |l\
4 hr, 4,000 4 05 1 7
8 hr. - - - —-- «.
8 bhr. - - - 5 i
8 hr, — - 6
— — - - 3
8 hr. — —— - G &
4 hr. 4,000 4 06 L
— R — — 2 5
8 hr. - — — - 6 9
— — — — 2 I
8 hr. - —-— - 1 6
8 hr. — — — - 8
8 hr. - - — 6 .8
8 hr. —_ - -— 6 9
15 min.§ - 2,000f 4 06 6 9
— — — — 7 9
Gmin, 125 4 46 4 10
1 hr. — — — — 4
8 hi, —_— — . 2 5
~
8 hr. —_ —_ —-- 5 8
5 min. 260t 4 0/6 T 3
— 1,000 4 56 o 1 2
16min§ 260t 4 176 2 b
-~ — -— - 2 5
8 hr. — —— 3 2
4 hr.- —_— - - 1 [
4 hr. — - =1, 2
© o 8hr. — = = 2" 1
- 8 hr. , — _ — ) S 1
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TOXICITY
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105

Inhalation of Metered .

Utnir-nusul(uuic acid. ...

Single Skin " Concen- ‘Vepor Concentration Irrilation
Single Oral I'eretration trated Vapor by Rats | Corneal
Material Studied Lo for Rats LD for .. Inhatation - 'Unc«)\ ered  Injury
M1/Kg - 2ahbits by Rata  Concrn- Rabbit in
M1/Kg . Maximum for tration Time, Mortal- Belly Rabbits
i No Death ppm hr, ity .
Dinethylamino seeto-
nitrile. ..o 1¢ min. 125t 4 a/6 2 5
(0.032-0.079)* “ . .
3(Dimethylamine) . . S
proplonitrile, .. ... ... 2.69 1.41 - . 8 hr, Lo = — | S 3
' (1.18-3,41) (0 5R-2.29) : -
Glycolenterile, 7090, . .. ., 0.016 0.06050 8 br, 250 4 4/8 2 3
(0.013-0.020) % (H)’)HUOOM)* U
4= I[ droxyisobutyroni- ! i
telle. . L PR 017 0917 5 min. 62.5¢ 4 2/6 -1 1
4 ((‘ Ull»(] 026)% (0.012-0,024) ‘
Isobutyronitrile. .. .. ..... .31 <10 min.§ 5001 4 0/6 1 $
(ﬂ'mons)* (rv 21-0.46) . ) .
Methacrylonitrile . ., ... .. . A 15 min.§ 1,000 4 4/6 2 1
L-Methyl-3-butenonitrile. . W 15 min, 1,000¢ 4 1/6 1 2.
m 80-0.75)* -
Trichloreacetonitrile. . |, .. 2 .90 b min.§ 1261 4 0/6 6 10
(0. m 0.42)% (0.49-1.64) . R
Hatogen Compounds ’
3-Chlory-2-ftuoro-1- s .
propene.. ..., ... 0.2n e 1,000 4 5/6 1 t
rr) “1 0.37) - (1.09-0.44) . B
Chloroform.. oo o oo de 5 min. § 8,000 4 5/6 2 —
(! H 4.22)%, *+ : : )
6-Chlorohexannic acid. | - . - 8 hr. - —_ — JESTIEER
( ' 1 1-3.81)* : . e T
S-Chlrahexanoie acid,
ethylester, , . ... ...... 4.92 707 8 hr, -— — — 1 . 1
{3.75-6.46) - :
2{t-Chlarophenoxy) ’
ethanel Lo 0L 2.83% R 4 hr, —_ - -— 2 R 1
(O J: 0.6%) A
Deeyt ehtoride (mixed )
primary jsorrers)., ., 4H.3 .66 4 br. — — - 4 1
(14.0-146.8) {iL.25-9.85)
L Digeotnxy-2,3.
d'“h!nru;\mp. ne 0.32* 1.0 —_— - — ~ b 10
L2 Dichlaront hyD-
f-methyl-1,8-dioxolane, 0.62 1.0t — — -~ - 2 2
{0.47-0.81)* {(.74-1.36) ¥
LDichlara-2-mthyl- R ’ ‘
propiopatdehyde ., L. 0.36G 15 niin, 260t 4 1/6 2 8
( 2.13)* (0 18.0,68) .
LA Diehioro-2-propanol, .. 011 0.50) 30 min, 126t 4 2/6 2 8
N l(!.(lny-O.ZO)* {-1.18) ’ ’
23-Dichloro-1-prapene. . . . 15 min.§ a0t 4 a/6 6 3
. (0 26-0.40)* (1 16-2.11)
23-Dichloropropionic L
acid o, 042 uAD — - —— - 7 9
"y (0,44-0.60) * (1,18-0.88)*
Eloro-2-propene-1-ot . ., 0.1 0.0611 - 1,000 1 4/6 1 !
(0.071-0.24)* (0.0014-0.0068)
LES T (2-chloro- :
Choxy)propane, .. ... .. 0.71* 6.4 1 hr. — — - 1 1
L STrichlorn-1,1.8,
5, ‘-|:cn(.\(|uom|-m;-unc. S ) >00 — 8,000% 4 1/6 1 3
) (10.7-20,8
Li - Trichloropropane. . . . 75 >20 30 min.§ 8,000 ; 4 4/6 4 2
L Trichloropropane, . .. 1.77 -— 1,000 4 5/6 1 4
L “Trichloroprapene. . | 061 30 min. § 500 4 5,6 5 5
. 0.47-0.81) (0. A7-0.85)
= Prichloropropion-
whyde, oo 0 L [IRE] 0.71 2 hr. — - —_ 6 8
(0.17-0.33)
.44 1,77 — -— e — 7 9
(l 48-3.24)% (1.09-2.86)*
123 1.49 —- — -— -— 6 4
(0.94-1.62) (0.89-2.47)
"‘v‘th\l nullule 1.87 2.00 —_ — —_— — 4 5
(188260} (0.51-7.78) N
.89 —
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RANGE-FINDING TOXICITY DATA—CONTINUED

Inhalation of Metered

Single Skin Concen- Vipor Coneentration  Irritation ¥
Single Oral Feovtration trated Vapor by Rats an Cor Gy ?
Materinl Studied LD tor Raty Lo for Inhalation —-eeo v e Uneovered 1|um) {
MI1/Ky Rablits by Ruls  Coneen- Hubbit tu
! MI/Kg Mauximum for teation Time, Mortal- Bejly I‘.:!’.;L\i!
’ o Licath Tpn hr. ity :
o2.I lnylhucnyl nu'funuu f
sodiurn sult, ., ., . 258 >10 % hr, — o —_ 3 5 ¢
(19.7-33.9) k
Methyl sulfoxide, ... .. . . 20.5 — { hr, - - — 2 ¢ p
(16.9-25.3)% i
Methyl vinyl sulfone. | . .. 0.07% 0.032 8 hr. - - - 2 A N
(U.U13-0.079)
Phenyl sulfide. ... .. 0.19 1.3 § hr. - - — 5 ' .
(0.35-0.65) :
Sulfamic acid, 2- t
wininocthsl ester., .. 745 14.1 4 hr, — - 1 t i
RN 1
Yinyl & (buL)lmenn;/ o- t
cthyl) ether. . . 2.83% 10 8 hr, - —— — 5 4
Vinyl S-(ot lmur-.npto-
uh)l) ether., . L. 4.92 >10 8 hr, — - - 2 2 ]
(3. (5 6.46)* 3
Yinyl sulore. .. ..., .. 4.0 0.022 8 hr, — - —_ ki g y
{U. UA& 0.043;+ (6.014-0.036)
Phwphmuus Compounds
P-Clloro-i,10 diin luyl 2,
4-divxa H600- - p),ua‘ ..
phubicycluld.4. Udr rene 0.11 0.20 — L - - 2 2
(0.071-0.18) (0.49-0.44)
2-Chluro-4,4 ditnethyl-2
osu-1,3 2 ~divauplivse
phumum. ............. 0.98 0.50 — — — — 4 9
(0.18-0.61)%
P-Clloie-2 4- divxa-f-
ety P thinne-8- phos- .
p).nun‘)nlui +.Udceune., 0.14* .40 —_ -— — — 4 1
(0.27-0,59)
P-Chliro-2 4- dioxa-5-
sethiyl- Pethione-d-phos- .
4 .l&} clold b decane. 0.12 0.3¢ —_ - - — 2 1
(0.056-0.16) * : :
2-Chloro-G- uhy ~2-0x0- J‘
4-propyl-1,8,2-dioaa- g
phivephoriasne. .. .., ..., 0.025 1.41 —_ —_— . - — 5 4 *,
(0.020-0.030) » !
2-Chloro-G-sthyi-4- N
Jiepyl-labiono-1,3,2-
Uitz 4)!10.,;)114)r|‘1am . 0.30 1.00 - — — — 1 1 :’
(0.18-0.49) {0.74-1.85) it
C).h)rm:hmphonc acid, . *
dicthyl ester, 0.011 0.0079 — — -— — 2 H i
(0.010-0.012) = (V.U059-0.01§) ' ¥
2‘(1)1'l‘:utylplmsphono) }
suevinie werd, R o i;
dibutyl cuter. . .. 25.2% >10 8 hr, T —— —_— 2 1 =
2. (’Jluul}“ hmphuno) .
bucerinle uiid, gi-
l..*(l);)h)t.‘-)“x;\(r ..... >40% >20 . 8 hr, — — - 2 1
OQ,-10i2-0thy bhexyl) . X
ditivphuaphorie ae ld 2,04 1.25 s — — e 7 8 3
(1.54-2.99) (4.50-3.14) ; N s
Di-(2-ethiylhexyl)
phosplivae aeid, .. ..., 4.94 1.25 )8 hr, i = —— —_ 6 §
(3.76-6.46) (0.57-2,74)
Ptu,phx)rw acid, di- .
2-cthylhe x)l) § L
L ,unx,mu] ylester. .. 11.3% T e 8 hr. — —_ — ] ]
Phosphorotlisic aeid, L
i {Z-¢ hlurux_lh,l) . :
L 0.82 1.8 8 hr, . —_ — — 2 i )
(0,62-1.07) %
‘Tributylphosphine "
wubfide, .00 L 0.93 1.00 L 8 hr, — — s e— 4 I
(0 67-1.830) (l) 68-1.48) : :
T'rijsooety} phosphine. . . . . 1.4 97 — - — —_ 4 1
(15 4-29.9) (“ 93-6.87) . ¢
Nilicun Compounds -4 X . i
(4- Ammobulyl)d.ahu-y ir
Quetbybethage. ..., . 6.60 0.045 8 hr. — - — 3 8 ¥
(4.06-10.4)* (0.015-0,186) .
(4- Ammc.buty!)&ri- X
eihoxyslivoe, ., ., ., ..., 1.62 2.50 8 hr, -— — — 4 ]
(L.02-2.60) (1.¢9-3.70) .
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Single Oral
LD;\a for Rats

Material Studied
. 11/Kg

Single Skin
Penotration
LD for
Rabbits
MI1/Kg

S Annnoprnp\ 1)

s 2Carhet horvethel)

dmlhnxy(moth)l) .
silane. ... L 4.76
{1.35-6.75)
Aminopropybtri-
ethoxyailane. . .. ...

1.78
N.93.3.41)*
2.34

(1.88-2.77)*
2. (‘nvhv thoxvethyl)
'Phr)x}(nmlh\l)
sifane, L T

20.8
(11.3-30.3)

tricthoxyailane., .. ... 27.4
(16.2-30.8)
2 ( arhethoxypropyl)
Hhuu(muh\l)
sifane. oo T .. 214
(18.8-32.3)
3-Carlethaxypropyl)
du“hm.\ (nw(h) 1)
stane. T 22.4
2 Cvanaethyl)
trichloregilane. . .. . 2.00
(L.28-3.13)*
2-Cyanocthy D
triethoxysilane, ., ... . .. 5.63%

3 f vanopropyl)
xnm(mclh‘l)
'1l me e

2.83%

FCvanopropyl)
r'mhn“ (mcthyl)
Shime o

-5.21)*

-CranapropyD
metbylailaxnne,
evelie trtramer. S >64

3-Ceanapropyl)

'u hlorosilane, L 2.83%
-Cyunnpropyt)
lm thoxysilane.

...... 4.02
(3.75-6.46)*
AACrelohexenyl)

trivhlorosilane. ... .., 2.83*
by rthythexoxy)-di-
[+ ‘Ih\lhu(nx\)sll Ane,

Pn)h‘ ‘vinyl)

A Yloresilane. L,
- ‘u‘n\lcth\l)
“hiorosilane. . ..... .. 2.83%
’*'h“"vl)(riﬂuormilanv Loo0m
(0.24-0.40) »
T"”! (2-ethylhexoxy)
e L 6

Zm /I\;v in & wu)ldhlr' \rhldo
famale rats
' “halation time shown Killed all six rats
Aee coneentration ashown kilted all six

raty
Tsused deith when introduced into the rabbit cye

2.52
(1.86-3.41)

0.%R
(0.59-1.02)

>10

505
(3.57-9.90)

1.49
(0.67-3.29)

>10

06R
(0.39-1.02)

>20

w7hH
((.54-1.06)

0.74

{0.45-1,21)

n.6

(0.47-0.86)
>20

Inhalation of Metered

Concen- Vapor Concentration Irrihﬁon
trated Vapor by Rats Cornesl
Inhsalation - Uncnw-rod Ingury
by Rats  Conecen- Rabhbit
Maximum for tration Time, Mortal- Belly Rabbits
No Death ppm hr. ity
8 hr. ) — — — 3. 8
B hr. —_— — - 6 8
4 hr. 1,000t 8 0/6 6 9
" 8hr. —_ = 2 1
8 hr. - - ' 2 1
8 hr. - — - a 5
8 hr. — —_ - 1 5
8 hr. — — — 6 10
4 hr. —-— - — 2 1
8 hr. — - —_— 6 -8
& hr. — — — 2 1
8 hr. — — - 1 1
4 hr. — — -~ 6 . 9
R hr. — — — 2 1
8 hr. —_ = — 6 9
R hr. -~ — -- 1 1
- 4,000% 4 0/6 6 9
8 hr. — — — ] 8
15 min. § 1,000 4 1/6 5 10
R hr. —_ — — 2 1
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